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ALL GAS AND VAPOUR 


The development of gas-filled valves 


By Gregor M.R. Grant 


century ago this year, two British scientists, 

the physicist Lord Rayleigh and the 
chemist Sir William Ramsay, announced 
their discovery of the gas argon. In the fol- 
lowing year, Ramsay confirmed the exis- 
tence of helium on earth and, over the next 
four years with the assistance of the chemist 
Morris Travers, successfully unveiled the 
remaining inert gases in the atmosphere: 
neon, krypton and xenon. 

At the century’s close, another Briton, 
the meteorological physicist C.T.R. Wilson, 
showed that electricity could flow in a gas. 
Thus, the groundwork was laid for a new 
branch of the electrical industry: the tech- 
nology of gas-filled valves. 

In 1901, the American inventor Peter 
Cooper-Hewitt produced a mercury vapour 
lamp and nine years later the French scientist 
George Claude developed glass tubes contain- 
ing aneon-helium mixture. They were some 
38 ft (11.58 па long and the prototypes of the 
near-infinite variety of such tubes that colour 
our lives today. 
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Fig. 1. A simple neon time- base circuit. 
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where Uc = Voltage change across C1 
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Fig. 2. Time-base voltage amplitude of 
Fig. 1. 
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Gas tubes therefore are electron tubes 
containing vapour or gas at low pressure in 
which an electric discharge takes place. 
There are two general types. Firstly , the 
cold cathode tube in which a glow dis- 
charge serves to maintain a conducting path 
between the electrodes. These tubes havea 
high voltage drop and low current. Hot 
cathode tubes on the other hand operate 
on the principle of an arc discharge con- 
ducting a current. They have a low voltage 
drop and a high current. 

By 1914, the American physicist Irving 
Langmuir began to take an interest in the 
development of gas-filled, tungsten-filament 
lamps. The filaments he used were coiled 
and the space around them contained some 
mercury, which was allowed to condense and 
then return to the filament area. Fed from 
a 110-volt source via a series resistor, they 
enabled Longmuir and his team to look into 
the lamp’s operation at high temperature. One 
early observation was that, during the many 
burn-outs, an are was created at the fila- 
ment breakpoint. In the course of these tri- 
als, Langmuir became the first scientist or 
engineer to show ‘...how a grid voltage could 
be used to control the starting of the main 
arc.’ 1 In fact, one of Langmuir’s team sketched 
aglass tube with a hot filament, separate anode 
and liquid mercury cathode, thus antici- 
pating the mercury arc rectifier. 


The neon tube and 


the thyratron 


By 1922, the British radio en- 
gineer R.St.G. Anson devel- 
oped the relay named after 
him in which“... a neon tube was 
used for signal-shaping in tele- 


to Y plate 


pends on the gas pressure, the material used 
fortheelectrodes, and the surface condition 
and the distance between the electrodes. 

For neon, the striking voltage is around 
130 V. When this potential falls to about 
100 V, however, the gas deionizes. This be- 
came the basis of the early time-base cir- 
cuits. А simple neon time-base is shown in 
Fig. 1. Capacitor C; charges up through 
variable resistor RV; andis discharged through 
the neon tube when the charge equals the 
tube's striking voltage. Thus, the time base 
voltage amplitude is the difference between 
the ionizing and deionizing levels, that is, 
around 30 V. This is shown in Fig. 2. 

The time base and the voltage under in- 
vestigation can be synchronized by applying 
the voltage across Во in series with the neon 
tube. In other words, a time base is an elec- 
tronic sun dial which, if combined with a de- 
lineating device, gives a graphical indica- 
tion of electrical phenomena. One such de- 
vice is the oscilloscope; another, the digital 
signal analyser. 

By 1928, however, thetime base was still 
an unsatisfactory circuit since its output 
voltage, and hence the amount of deflection 
it could provide, was small. Matters im- 
proved immediately, however, with the in- 
troduction ofthe gas-filled valve, or thyra- 
tron. Its creator, Albert W. Hull, was a ver- 
satile and unusual man. He had originally 
graduated in Greek from Yale and taught lan- 
guages for a few years before returning to his 
alma mater to study physics. In 1921, he 
publisheda brilliant paper on electron move- 
ment between two cylindrical structures in 
a magnetic field, which configuration he 
termed a magnetron! 

It was at this time, too, that he joined the 
General Electric Corporation's research lab- 
oraroty at Schenectady, New York. Here, he 
followed his earlier work with a paper on 


700V 
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graph circuits.? 

Neon is, of course, one of 
the two most commonly used 
inert gases, the other being 
argon. Industrially, argon is 
the more often used ofthe two, 
largely because the only com- 
mercial source of neon is the 
earth's atmosphere. Indeed, 
where would our profession be 
without either argon or - above 
all - neon? 

The neon tube is simply a 
diode valve filled with low pres- 
sure neon gas. Neither of the 
electrodes is heated, but when 
a potential is applied across 
them the gas ionizes. The mag- 
nitude of the potential, known 
as the striking voltage, de- 


to X plate 
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Fig. 3. An AF and low-RF time-base circuit employ- 
ing a thyratron. 
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through the welding transformer primary, 
inducing even larger ones in the secondary. 

The circuit is a typical example of a non- 
synchronous arrangement used in both spot 
and projection welding. 


The cold cathode trigger tube 


In 1936, the Bell Telephone Laboratories 
announced their latest development, the 
cold cathode trigger tube, an invention 
of research engineer S.B. Ingram. A later ex- 
ample of the device, the Z700U, is shown in 
Fig. 6. 

The voltage applied between the anode and 
cathode is some 200 V. The priming cath- 
ode, located behind the anode, is connected 
to the negative line via current-limiting re- 
sistor В. Since the physical gap between the 
priming cathode and the anode is small, 
breakdown occurs and a current-limiting 
discharge develops. Consequently, limited ion- 
ization takes place. 

The trigger electrode is now made posi- 
tive with respect to the cathode, causing a 
discharge across the cathode-trigger gap. 
This, in turn, increases the ionization, which 
reduces the anode-cathode gap striking volt- 
age. The anode-cathode gap breaks down, but 
the discharge within it is maintained. The 
anode current is limited by Вт, and the cath- 
ode-anode voltage remains constant at the 
tube’s maintaining voltage. 

When the tube conducts, the trigger is 
redundant. The tube’s glow, therefore, can 
be extinguished in only two ways: firstly, by 
reducing the anode current, and secondly by 
bringing the anode voltage below the main- 

















taining voltage. As can be seen, the device 
has some facets in common with both the thyra- 
tron and the ignatron. 

Known as grid glow tubes in the UK, 
they were little used prior to the second 
world war. Once hostilities had broken out, 
however, the demand for triggering devices 
for proximity fuses for bombs, torpedoes, 
and the like, increased almost exponentially. 
The cold cathode trigger came into its own. 
Later, when hostilities had ceased, the tube 
found another role. It was frequently used 
in the ring counter circuits in early com- 
puters, an example of which is shown in 
Fig. 7. 

By the middle of the 1950s, the first com- 
mercial thyristor or silicon-controlled 
rectifier (SCR) was developed by the General 
Electric Corporation. A decade later it had 
eclipsed soft valves in many power control 
applications. Nevertheless, gas-filled valves 
continue to be used in the very-high-power 
field. 

Currently, the choice of gas depends on the 
hold-off voltage, current handling and rate 
of rise of current or turn-on time. Mercury 
and xenon, for example, are used where high 
currents are a priority, and hydrogen is the 
preferred gas for high-voltage applications. 
Hydrogen thyratrons, in fact, operate at gas 
pressures of between 300 and 900 millibar 
and have very rapid turn-on times. They 
can handle stand-off voltages of 50 kV and 
peak currents of around 5 КА. Among their 
many applications is high-power laser switch- 
ing. 

Ofcourse, neon, the original soft-valve gas, 
is still very much with us, its orange-red 
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glow indicating all manner of reassuring pa- 
rameters from heartbeats to hertzs, Classic 
ЕМ? to miles per hour. 

In their centenary year, however, the inert 
gases are facing their greatest challenge: 
semiconductors. SCRs, LCDs and micro- 
scopic laser devices already indicate the way 
ahead. By the turn of the century, soft valves 
may have joined their hard counterparts as 
interesting relics of a past technology. 
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Fig. 4. A typical sealed ignatron. 


‘Hot Cathode Thyratrons іп 1928, announcing 
the device itself and, in 1933, his masterpiece, 
‘Thyratrons’. 

Basically, the device was a thermionic 
valve ‘... filled at very low pressure with 
mercury vapour or one of the inert gases ... 
the characteristics of the valves being to 
some extent influenced by the particular gas 
filling.'? These devices gave renewed impe- 
tustotheuseofthe cathode ray oscilloscope 
as an investigative tool‘... because they pass 
negligible current until a certain voltage ... 
is reached, when they suddenly conduct very 
freely, indeed’, discharging a capacitor with 
considerable speed, thus producing a rapid 
flyback. This last was the result of*...an in- 
crease in the separation between the strik- 


water flow 
switch 


Fig. 5. Ignatron circuit as used in spot welding. 


(Timing circuit not 
shown for clarity) 





ing and extinction potentials.” 

Shortly after the thyratron's introduc- 
tion, the leading engineers ofthe day, among 
them Alan Blumlein, designed time-base 
circuits around it. Blumlein’s 1932 British- 
patented design used a large inductor in the 
charging circuit to improve charge linearity. 

The frequency range of the thyratron, 
however, was not all that extensive and they 
proved, ultimately, to be less effective as 
time-base generators than hard valves, firstly 
because of their relatively short life, and sec- 
ondly because of their inconsistent charac- 
teristics. 

Blumlein was the man who first used the 
Miller effect of a triode valve to create the 
first truly linear time base. He developed it 
in the early 1940s whilst working on an air- 
borne radar system and termed it the Miller 
integrator. 

Another serious limitation of thyratron- 
based time-base circuits was their recovery 
time from the flyback condition. This took 
*... a serious fraction of the cycle at a few 
tens of kHz' and so limited their effective 
frequency range. In fact, by the late 1950s 
thyratrons were no longer used in commer- 
cial oscilloscopes. Figure 3 is a good exam- 
ple of a thyratron-based time-base circuit. 


The ignatron 


In 1933, the Westinghouse Corporation an- 
nounced their latest development, the ig- 
natron, whose general constructionis shown 
in Fig. 4. A pool of mercury serves as the cath- 
ode. Its potential was quickly appreciated and 
by the end of the following year a welding con- 
trol system using such devices was in com- 
mercial operation in the USA. 

In welding operations the ignatron acts 
*... asaspecial form of timing switch, enabling 
acurrent to pass through the metal junction 
for a specified and controlled period." 

The ignatron combines many of the fea- 
tures of the mercury arc rectifier with those 
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Fig. 6. Circuit operation of the 27000 cold 
cathode trigger tube. 


ofthethyratron. Like the latter, the ignatron 
has a low arc voltage drop, but one combined 
with a far larger current than can be achieved 
with a thermal cathode ofthe type usedina 
thyratron. 

In the welding circuit of Fig. 5, both ig- 
natrons and their protective resistances are 
shunted by metal rectifiers to prevent re- 
verse current passing through them. At 
switch-on, ignatron 1 anode 1$ positive. 
Consequently, current flows from the anode 
to the cathode of ignatron 2, where it divides, 
the larger part passing through rectifier Do, 
the remainder flowing through Igy and R? as 
reverse current. The major portion then con- 
tinues through fuse Ро, the timing circuit, the 
water-flow switch and fuse F4, where it again 
divides, the larger part passing through Вл 
and е ignatron igniter. Thus, [2173 igniter 
handles a large current pulse which fires 
the main discharge. Immediately the dis- 
charge is set up, the igniter is short-circuited, 
so that its current is zero. 

With the anode of Igy positive, the circuit 
action is as before, but in the opposite di- 
rection. Consequently, each device fires in turn 
as long as the control circuit is closed. Large 
current pulses, alternating in direction, flow 
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Fig. 7. Part of the ring counter circuit of an early computer. 
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between ОТК and RTS is made by the 
user. 

The diagram of the serial to parallel 
converter (Fig. 1b) is virtually the mir- 
ror image of its parallel-to-serial coun- 
terpart. Serial data arriving at the 
circuit are converted into parallel, with 
the converter using the CTS (clear to 
send) line to signal to the sending de- 
vice that bits may be transmitted. 
When a complete serial word is re- 
ceived, the seven or eight databits con- 
tained therein are conveyed, in 
parallel, to a latch. Next, a strobe 
pulse is issued to tell the equipment 
connected to the Centronics output 
that valid and stable data are available 
for copying. At the same time, the 
handshake logic looks at the state of 
the BUSY line, to see if new data may 
be transmitted. Figure 1b also shows 
feedback between the converter's out- 
put and input. This has been added 
because many RS232 ICs in PCs ap- 
pear to have a buffer of two bytes. This 
means that the transmission of the 
current byte is not stopped immedi- 
ately on receipt of a ‘halt’ condition, 
but the buffer is cleared first. 
Consequently, the converter receives 
another byte, although it has told the 
sending device to stop transmitting. 
This extra byte has to be stored, be- 
cause the Centronics device is not (yet) 
ready to accept it. The feedback causes 
the extra byte to circulate in the con- 
verter until the Centronics bus is freed 
again. 

So far, so good. Although the blocks 
in the diagrams in Fig. 1 would appear 
to cover all function of the circuit, the 
handshake signals do require a couple 
of discrete gates and bistables to be 
added. 


Circuit description 


The heart of the circuit shown in 
Fig. 2 is the Type COM8017 UART 
(universal asynchronous гесеіуег/ 
transmitter), which is a follow-up type 
of the now obsolete AY-3-105D. The 
СОМ8017 arranges the conversion 
from parallel to serial and vice versa. 
These operations run under the con- 
trol of a clock signal supplied by 1С», a 
CD4060. The clock generator/divider 
uses a 2.4576-MHz quartz crystal. The 
dividers contained in the CD4060 pro- 
vide the TCP and RCP (transmitter and 
receiver clock) signals for the UART. 
The frequency of these signals must 
equal 16 times the desired baud rate, 
and can be selected wit the aid of a DIP 
switch block, which connects one of 
IC2's outputs 93-98 to the UART clock 
inputs. 

Another DIP switch block, $2, allows 
the format of the serial words to be set. 
The parameters are the number of 
databits, the number of stop bits, par- 
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MAIN SPECIFICATIONS 


€ Conversion from parallel to serial, or serial to parallel (not simultaneously). 
€ Busy and acknowledge signal available for parallel input. 
€ Serial output programmable for crossed and non-crossed cable (or DTE/DCE 


selection). 


€ Selection between RTS and DTR on serial output. 
6 Available baud rates: 9,600; 4,800; 2,400; 1,200, 600 and 300. 
€ Serial data format fully configurable: number of data bits, parity bit, odd/even 


parity; number of stop bits. 


€ On-board RS232 voltage level converter. 


ity bit yes/no, and odd or even parity. 
The function of each switch in the DIP 
block is shown in Table 1. 

The parallel data enter the circuit 
via Centronics connector Ку, and are 


oOo-zom4zmo 


STROBE 


rmr-r»2J»'vu 


v 
r»—mumo 





fed to a bidirectional databus buffer, 
ІСІ. Depending on the logic level ap- 
plied to pin 1, this buffer copies the 
data at the Centronics input to the 
COM8017, or the other way around. At 
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Fig. 1. Two block diagrams for a single circuit with two functions. Опе (а) for parallel-to-ser- 
ial conversion, and one (b) for serial-to-parallel conversion. 
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The link between a PC and its peripherals is usually either 
parallel (Centronics) or serial (RS232). In some cases, however, 
it is necessary to connect the PC’s parallel port to a peripheral 
with a serial input, or the other way around (serial output to 
parallel input). No problem with the data format converter 
described here. 


Design by A. Rietjens 


DMITTEDLY the demand for paral- 
el-to-serial converters is not as 
high as it used to be, now that PCs are 
equipped with a host of peripheral 
connection options. None the less, 
there are occasions when such a con- 
verter is very useful. Take, for exam- 
ple, the following situation: you are 
using a number of programs that de- 
fault to the first Centronics port to 
produce hard copy, while printer port 
redirection using the MODE command 
is either not supported, or difficult to 
achieve. Unfortunately, the printer is 
in the room next door, and the dis- 
tance is such that serial communica- 
tion is likely to be more reliable than 
parallel communication. Another ex- 
ample would be a printer with a 
Centronics input only, which you 
would like to connect to a serial cable. 
The converter described here can 
work in two directions: parallel to ser- 
ial, or serial to parallel. Unfortunately, 


these conversions can not operate si- 
multaneously, but that will rarely 
cause problems. 


Block diagrams 


Since the present circuit is bidirec- 
tional (the direction being set with the 
aid of jumpers}, it is appropriate to 
give separate block diagrams for the 
two directions of conversion. These di- 
agrams are shown in Fig. 1. 

Before describing the general struc- 
ture of the circuit, a short discussion 
on the protocols drawn up for commu- 
nication via the Centronics and the 
RS232 ports on a PC. The Centronics 
standard is based on eight databits 
which are conveyed in parallel. The 
sending device signals the presence of 
valid and stable data by pulling the 
STROBE line logic low. The receiving 
device has two ways of signalling its 
state. By transmitting a BUSY signal, 


it can inform the sending device that it 
is busy, and can not handle new data 
at that particular moment. The ac- 
knowledge signal, which is active low, 
and usually appears at the end of the 
BUSY signal, is sent by the receiving 
device to signal that a databyte has 
been received correctly for processing. 
Since BUSY and ACKNOWLEDGE have 
roughly the same function, many 
printers supply а BUSY signal only (al- 
though an ACK connection is available 
as a secondary function). 

An RS232 link has a serial data 
input and output at both ends. In ad- 
dition to data lines, it has several con- 
trol lines, which allow a number of 
different modes of communication 
(handshaking) to be implemented be- 
tween two devices. One of these is the 
XON/OFF  handshaking protocol, 
when the receiver transmits a certain 
character via the serial data line to tell 
the sending device to continue or stop 
transmitting data. Most printers, how- 
ever, employ hardware handshaking. A 
line called DTR (data terminal ready) is 
actuated by the printer to signal that it 
is ready to receive data. Since the 
iransmission of serial bits is stopped 
as soon as DTR is de-actuated, the 
function of this line may be compared 
with that of BUSY on the Centronics 
port. Another possibility is the RTS (re- 
quest to send) line. An active level on 
this line indicates that the receiver 
wants to receive data, or is ready to do 
80. 

Armed with a basic knowledge 
about the function of the main signals 
we can start to examine the operation 
of the converter circuit. Referring to 
Fig. 1а. when parallel-to-serial con- 
version is used, data enters the circuit 
via the Centronics converter, and is 
stored in a buffer (actually a latch) 
under the control of the STROBE sig- 
nal furnished by the sending device. A 
special integrated circuit which con- 
tains a parallel-to-serial converter and 
a latch ensures that the eight received 
data bits are shifted sequentially, in 
the correct order. The sequence of 
eight data bits is preceded by a start 
bit, and followed by a stop and/or a 
parity bit. The block marked ‘hand- 
shake’ arranges the communication 
between the two sides. The busy and 
acknowledge signals needed for this 
purpose are derived from the DTR or 
the RTS control signal supplied by the 
RS232 sending device. The selection 
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Fig. 3. These timing diagrams should help to elucidate the rather complex operation of the circuit. 


depends on the type of serial cable ap- 
plied, and the type of equipment con- 
nected. The position “1” jumpers will 
typically be fitted near the RS232 con- 
nector when the equipment is of the 
DCE type, while position ‘2’ is used 
with DTE types, which includes most 
printers. The options for handshaking 
with the serial equipment are DTR and 
RTS. Select one of these in accordance 
with the requirements of the equip- 
ment you wish to connect. The user 
manual will usually provide this infor- 
mation. 

Serial data to be converted into par- 
allel are applied to the converter via 
connector Кз. In this mode, the con- 
verter behaves like DCE (data commu- 
nication equipment), which is based 
on the assumption that a computer is 
connected. After the level conversion 
in ICg, the data travel to the serial 
input of ICვ (pin 20). The parallel data 
available after the conversion is fed 
out to outputs RD1-RD8. This byte is 
then conveyed to connector Kg via 
buffer IC). Кә then forms the Centron- 
ics output of the converter, and may 
be used to hook up a printer with a 
standard Centronics input. The feed- 
back loop indicated in the block dia- 
gram 15 realised by а simple 
connection between the output buffer 
(RD1-RD8) and the input buffer (ОВ1- 
DB9) of IC}. 


Handshaking 


The circuit diagram shows a number of 
jumpers that can be fitted in two posi- 
tions. With the jumpers fitted as 
shown in the circuit diagram, the con- 
verter functions as a parallel-to-serial 
converter. Signals ‘busy’ and ‘acknowl- 
edge’ enable the converter to provide 
its current state information to the 
equipment connected to К,. The busy 
signal is fairly simple to generate. RTS 
ог ОТВ is active on К. if the serial 
equipment is ready to receive data. If 
the TMBT output of IC3 is also high 
{transmitter buffer empty), NAND IC4 
pulls the busy line logic low. This level 
is also used to enable a small network, 
D,-C,-R3-R4, to derive the acknowl- 
edge (ACK) pulse, which appears as a 
logic O after the negative-going edge of 
the busy signal. The O indicates that 
the converter has received апа 
processed data. Next, if new data ap- 
pears on the Centronics bus, the 
equipment connected to К, will supply 
a strobe pulse to signal that valid data 
is available for loading into the con- 
verter. This pulse is fed to the DS input 
of IC3, which responds by loading the 
data into its input buffer. Next, the 
data is converted into serial format, 
and conveyed to the RS232 receiver. 
During the conversion, TBMT is low 
(and, consequently, busy is high), 


ELEKTOR ELECTRONICS FEBRUARY 1994 


which means that the converter is not 
ready to receive new data. Once the se- 
rial data converter is no longer capable 
of handling the incoming datastream, 
it pulls DTR or RTS low, which also re- 
sults in a ‘high’ busy line. 

The other way around is 'serial-in, 
parallel-out. A jumper is used to re- 
verse the direction of buffer IC, (via the 
logic level applied to pin 1). The ac- 
knowledge signal is disconnected from 
Kı. The strobe line is turned into an 
input, and the busy line into an out- 
put. 

As soon as ICs detects a negative- 
going pulse transition (falling edge) at 
its serial input (caused by data arriv- 
ing from K3), the IC first checks if this 
is a start pulse by measuring the 
length of the pulse. The falling edge 
also pulls the DAV (data available) out- 
put of the COM8017 low. This is 
achieved with the aid of the RDAV\ 
input. Also, S-R (set-reset) bistable 
ICz is set, which is done to inform the 
serial transmitter, via the CTS line, to 
stop transmitting after the current 
byte. After the conversion, the parallel 
data are available in the output buffer 
(provided the 'old' data were sent cor- 
rectly). The presence of this new data 
is indicated by the DAV output going 
high. The DAV output clocks bistables 
ІСва, [Свь and ICz4. Two RC networks, 
Rg-C4 and Rg-Cs, turn the two bista- 
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Fig. 2. Тһе heart of the circuit is formed Бу ІСЗ, а СОМ8017, which takes саге of the data format conversion т both directions (not simulta- 


neously, though). 


the other side of the circuit, a special 
IC is inserted between the serial input 
and output of the СОМ8017 to take 
care of the logic level conversion be- 
tween the 5-V logic in the converter 
circuit and the RS232 lines (which 
carry symmetrical signals with a swing 
between +5 V and +15 V). The special 
IC is a MAX232, which contains a 
combination of voltage doublers and 
current-to-voltage converters. Outputs 
Tlout and T2out supply signals with a 
swing of about +10 V. Signals received 
via the RS232 connectors are applied 
to the Rlin and R2in inputs (pins 8 
and 13) and converted into asymmetri- 
ca] 5-V levels. 

When the parallel-to-serial conver- 
sion is done, the serial data is avail- 
able on pin 25 of ICვ (SO). After 
conversion by ICs, the data then travel 
to the TxD or RxD pin of connector K4. 
The selection between these two pins 
is made with the aid of a jumper, and 


UART COM8017 


The COM8017 from Standard 
Microsystems Corp. is a 40-pin 
integrated circuit with a strong 
resemblance to the familiar AY-3-1015 
(produced by General Instruments 
Corp., and now obsolete). The 
COMB8017 contains all logic needed to 
convert parallel data into serial; and 
vice versa. The block diagram shows 
the structure of the IC, which contains 
an input/output buffer and associated 
shift register, two blocks of logic that 
serve to arrange the flow of data 
traffic, a control register and a status 
register. Although the structure of the 
IC allows simultaneous two-direction 
data traffic (full or half-duplex using 
two virtually separate 'channels'), this 
feature is not used in the present 
circuit, since situations requiring 
simultaneous data format conversion 
are few and far between. 


Functional Block Diagram 
TD! трг тоз тоа TOS тов тр? тов 
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COMPONENTS LIST 


Resistors: 
R1:R2;R4;R8;R9;R10;R13 = 10kQ 
R3;R6;R12 = 1kQ 

R5 = IMQ 

R7 = 8-way 10kQ SIL array 

R11 = 5-мау 10kQ SIL array 


Capacitors: 
C1;C7;C14-C21 = 100nF 
C2 = 27pF 

C3 = 39pF 

C4;C5 = 1nF 

C6;C13 = 100uF 16V 
C8-C12 = 10uF 25V radial 


Semiconductors: 
Di = 1N4148 

ІСІ =74НСТ245 
1С2 = 4060 

IC3 = C0M8017 
ІСАЛС5 = ТАНСТ00 
IC6;IC7 = ТАНСТ74 
1С8 = MAX232 

IC9 = 7805 


Miscellaneous: 

K1 = 36-way Centronics socket; PCB 

mount; straight pins 

K2 = 25-way sub-D socket; PCB mount; 

straight pins 

K3 = 9-way sub-D socket; PCB mount; 

straight pins 

K4 = 9-way sub-D plug; PCB mount; 
| straight pins 

КБ = two solder pins 

$1 = 6-way ПІР switch 

$2 = 5-way DIP switch 

$3 = Digitast press-key, 12 mm wide 

cap (ITT/Cannon Switches) 

Х1 = 2.4576 MHz quartz crystal 

1 pinheader 2x6 pins 

5 SIL pinheaders, 3 pins 

1 Pactec HPkit enclosure; approx. 

92x146x28mm 

1 printed circuit board 930134 (see 

page 70) 





ulator has to be fitted at the solder 
side of the board — else, it protrudes 
too far above the board (see Fig. 5). 
The circuit can not be taken into 
use before you have fitted the jumpers 
in the appropriate positions. The five 
3-pin PCB headers at the centre of the 
PCB must all be set to position 'A' or 
'B' (А = parallel-to-serial; В = serial-to- 
parallel). Further, there are six pin 
combinations next to K4 that are used 
to select the lines used for the serial 
output. Fit two jumpers in the ‘1’ posi- 
tions if the connection is a ‘real’ DTE- 
to-DCE link (i.e., the device connected 
to the serial output of the converter is 
a DCE), and a non-crossed connection 
cable is used. The jumpers are fitted in 
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Fig. 5. Unconventionally, voitage regulator ІС9 is fitted at the solder side of the board if the 
plastic enclosure mentioned in the parts list is used. 


ооооо 


ооооо 
оооо oP jumpers at side B: serial-to-paralle! 


parity 
number of 
bits 
parity bit 
stop bits 


300Bd 
600Bd 
1200Bd 
2400Bd 
4800Bd 
9600Bd 


only one 
switch 
closed: 





A jumpers at side A: parallel-to-serial 


— О О — RTS on pin 8 
— О О — TXD on pin 3 
— О О — TXD on pin 2 
---О О — RTS оп pin 7 


RTS-line in use — O О —— RTS 
DTR-line in use —— O О —— DTR 


930134 - T1 


Table 1. Settings of jumpers and DIP switches on the board. 


positions “0” if the connection is of the 
DTE-to-DTE type with a non-crossed 
cable, or a DTE-to-DCE type with a 
crossed cable, or a so-called zero- 
modem. The enclosure may be closed 
after fitting the jumpers. The baudrate 
and the serial data format may be set 
with the aid of the DIP switches. 


1994 


Should the serial peripheral equip- 
ment have a 25-way D-connector, this 
may be fitted with a 9-to-25-pin adap- 
tor. и 
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Fig. 4. Track layout and component mounting plan of the printed circuit board designed for the converter. 


bles in ICg into a monostable. If the 
equipment connected to К» is not 
busy, ІСвь will generate a strobe pulse, 
and the available data is copied to the 
Centronics equipment connected to 
the converter. Next, IC7, and ГСъь en- 
sure that the RS232 transmitter is in- 
formed, via the CTS line, that new data 
may be transmitted. If the busy line 
was still high, the D input of ICgp is 
held at 0, and по strobe pulse is gener- 
ated. ICg, applies a pulse to the DS 
input of ІС. This causes the received 
byte to be sent from the serial output 
to the serial input via IC4, and IC4.. At 
the end of this sequence, a DAV signal 
is generated to ensure that the byte is 
'circulated' again if the receiver is still 
busy. Else. a strobe pulse is generated 


for the receiver. 

Finally, the circuit has a reset key, 
53, which is useful when the commu- 
nication stalls owing to a transmission 
fault. Pressing this key results in IC7, 
апа IC7, being reset. 

The circuit is best powered by an 
external mains adaptor with an output 
voltage of 8-15 V d.c. Regulator ICg 
provides the 5-V supply voltage for the 
circuit. The current consumption of 
the converter is about 100 mA. 


Construction 


The printed circuit board for the con- 
verter (Fig. 4) is designed such that all 
components are accommodated on a 
single board. The parallel input and 


output connectors are located at one 
side of the board, while the serial con- 
nectors are arranged side-by-side on 
the other side. All connectors are types 
with straight solder pins to enable the 
cables to be connected from the top 
side of the board. Fitting the parts on 
to the board should not present prob- 
lems. IC sockets may be used if you 
are less confident of your soldering 
skills. The reset press-key is also fitted 
directly on to the board. The completed 
board fits exactly into the enclosure 
mentioned in the parts list, although 
clearances have to be cut for the four 
connectors, the two DIP switches, the 
press-key and the mains adaptor 
socket. If you use the enclosure men- 
tioned in the parts list, the voltage reg- 
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80С286-12/рда 48.50 | VMნვეიის 3.40 | UPD8286C РОА | ADC84KG-10 12.66 
80C286-B/ploc 24.40 | VM581678M) 10.64 | UPDB741AD 12,52  ADC908HP 1842 
495 MM58174AN 14.80 | UPD8749HC 13.98 | АФРАСВОМ РОА 
E MMB8274CN 9.18 | V20-10MHz  9.10|АО@20ТАКМ 4.86 
708 | MSMS832RS 3.39 | У20-8МНг 6.95 yard 5 32 
268 | M5M80C3588 4.90 | V30-10MHz 12.90 AHODISCD.. 17:20 
2 68 | M5M80C39/5M06.45 | V30-BMHz 9.20 Ade see 
230 | VSM80CBSA 3.95 | У61СЗОР 7.80 CIS 3 54 
230 | MSMBOCBSA-2 5.98 | VC0106M6 8.60 | АУ-5-1013 Е 
126 | МЗМ80С86 7.60 | 20800110Р5С 16.90 МОО 23760, 
6 | MSMB1C55 460 | 20868112Р5С 3.20 | АУ-5-1250 РОА 
625 | МӘМ82051А 3.58 | Z180-MPU РОА атр pps 
|: Z8001B-CPU 11.96 
Ам296480С 1236 | MცM8ილევ5 358 28018000V/9C qas | 866208 1.40 
AM2965DC 636 Msmezcs4-2 420 | ZB0A-CPU 1.25 | CA3046 0.51 
AM2966PC 398 | Мсмесвод.2 3.98 | 780A-CTC 1.98 | C43046(5M0) 0.89 
AM298260C 334 MSMB2C84A 920 | ZB0A-DART 3.15 | CA3054 0:94 
AMBBSDL 9.82 | MSMB2C84A-2 3.60 | 280А-ОМА 3.95 | 583959 1.20 
НН 5.60 | м5мвгсвв 12.60 | Z80A-PIO 1.25 | CA3078AT 2:42 
АМӘ05000С 495 А Сб iom 2450 | 780-5I0/0. 340 | САЗ079 0.88 
AMSOSOCPC 4.60 | SC so ioi 29.54 | Z80B-CPU 1.52 | САЗ080Е 0.70 
AMOIOZCPC 282 | LI80L286-8C2/36 20 | 2808 СТС 3.00 | CA3081 0.96 
AM9114BDM 9.96 | ცივი) 368 | Z80B-DART 580! CA3089E 1.22 
AMSSSIPO 906) мазам 3.68 | 2808-0МА Poa |CA3094AE 216 
#90 0206. 2951 N82S126AN 3.25 | ZB0B-PIO 2.20 САЗОӨБАЕ 3.48 
Red 645 | 82516” 1004] 2808-50 4.50 | CA3096CE 182 
АҮ-5-8136-006 645 | NS16450N 468 | Z80C00AB6 2298 | САЗ097Е 2.60 
4.98 | 451655ОАЕМ 12.60 CARIBE РОА 
59.00 მერვე 1080 MER A CASTZ0BT 1920 
3.60 | рвозгАН 429 (211059) CA3130E 1.10 
САВОС5В 5.98 | 502400 1120 | 82Х0890-018 3.70 | CA3140AE 1.34 
C682085 9.62 | Pg052AH/Basic 23.45 | 70702020 525! САЗ140Е 0.44 
008208605 974 | Daren Basic 2345 | 733V00124 5.25 | CA3146E 0.90 
CC80C286-12 48.50 | Pgogsa-2 598 | АМА15030ХВ 4.68 | САЗ160Е 125 
CGBOC286-6 65.00 | „გივია ров | 8АА1505 1.80 | САЗ240Е 098 
C0M8136 6.45 | рабов 480 | CLA2STOGIPLCC 5.95 | CA3240E1 216 
СОМ8!С17 8191 5009, 480 | 8405001608 3.20 | CA324E 098 
CPB2C54 642 Барса до 1260 | KS-49258/PLCC 5.92 | CA3260E 1.68 
CRT-8004-001 9.65 | pg155H/2 698 MJ1454BB 7.65 | CA3280AE 5.94 
8.92 | 8185 48.10 | MM5175M 3.80 | САЗ280Е 3.42 
5.60 | 8205 500 | ОС-147-7 2.40 | САББЬСЕ 020 
5.48 | peor 200 | 280352303 4235 | CA741CE 018 
8.80 | 8206 240 | PP34C108 6.80 | CS5503-KD РОА 
РОА | 8229 290 | 04704 3.60 | CX79258 РОА 
642 | реза 290 | OMVIGBPS 7981 01696) РОА 
390 Мы 280 | 0MVI8C 6.95 |DACOBOOLCN 410 
6.48 | 52209 390 | QMVIBCN! 785 | DACOB32LCN 10.67 
9.60 | „ვეი 320 | aMviscwi — 785 DACOBCP 260 
7885. 8522 320 | CMV25C 8.42 | DACOSEP 364 
082628810 10:96 | 8270. 998 | QMVG2AW! 690 | DACIOOBLCN 10.73 
082С288-12 11.85 | 20273 264 | 84534-АМІ 4.20 | ПАС12221СМ 2040 
D82C288-8 9.36 | perge 260 | 94396931 2.95 | DG201ABK 3.83 
D8748H 995 абва 410 | ЗАА50250 5.40 | 06211 1.56 
DM9601N 2.45 | сео 480 | SCM66115P 3.40 DasOBACJ 398 
DP8228N 636 | ჩინ) 4480) SG87P050 455 DGSOBCJ 325 
028238М 6.36 БАБТОЬВОЧ 19 | 3214508 5.76 081488M 036 
DPB304BN 234 ნ ნინის 219 | ULATRBO29E1 680 DS14CBBM/SMD 1.65 
DP8311N 6.54 ULA2ORKO0BE159.72| 0514С884 165 
PAL2OLIOCNS 4.35 
081221 6.44 | OM олам, ვ ვე | X^ 5683 3.60 | DS14C89AN 165 
08123120 444) БАРС 60-266ც. | 2№А21029.-88 3.80 | НА12017 144 
081232 3.26 БОШ ე | 2МРСМ1/-8$ 8.95 | HA13426 1196 
DS3486N 3.20 წ ОРТО НА17723 1.10 
РА(С201.82-4 
а 3.20 9 5995 7 [ЧЕ ө ДИ | Н075189Р РОА 
DS34C86N 4.80 HEF4754V 2220 
PALC22V10H-350S ; 
DS34C87N 4.80 8.34 | 4М25 0.60 | НИ-0201-5 3.60 
053631М 333 | bCDasgap 828 | 4N26 0.60 | НИ-508А-5 11.21 
DS3632N 281 ‘ов | 4\33 0.40 | НИ-549-5 РОА 
PCF8566P 8.28 
DS3633N 3.33 4N38 0.56 | HI1-S74AKD-5 42.50 
РСЕВ566Т 8.28 
0536344 2.81 6M139 1.60 | НІЗ-0201-5 3.20 
PCF8570P 7.85 
DS3691N 496 | GC aszap 672 | CNX36 0.38 | НІЗ-0509А-5 7.15 
DS3862N 7.38 CNY17-3 0.64 | НІЗ-201-5 3.20 
PCF8574P 5.90 
055000-32-12 47.50 CMV21M POA | НИ РОА 
PCF8574T 5.90 
DS8640N 1.20 0208 0.40 | Н5574-АК 18.20 
PCFB591P 9.35 
058820АМ 2.95 | АбБозАР. 5 70 | HCPL-2200 5.98 | ICL7104-16CPL26.08 
0588324 2.68 | 65206 4.40 | HCPL-2231 5.98 | ICL7107CQH/PLCC 
DS8836N 2.44 | ც6522 440 | HCPL-2602 5.68 5.20 
DS8837N 2.40 | n6522AP 5 80 | HCPL-2630 3.68 |ICL7109CPL 9.85 
0588384 2.40 | 8656026ნ2 5,94 | НСРЕ-2730 3.45 |ICL7116CPL 6.74 
ЕР6ВОЗАЛР 3.80 | Go Coppa 6.90 | НСРЕ-2731 3.20 |ICL7117CPL 6.74 
ЕР6803Р 3.80 | -6560264 896 | НСРЕ-4200 5.98 ICL7126ღც 674 
EF6821P 1.30 1074 1.44 | ICL7135CPI 8.98 
R6SC102P2 6.85 
EF68B09P 3.18 | 656212 594 | -C1 1.60  ICL71366ღ 6.94 
EF68B21P 1.44 ILC74 2.25 ||OL7137CPL 6.94 
606003 poa | 86502222 420104, 225 |ICL7606CJN 1224 
SABBOC32P 5.95 : : 
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ICL7611DCPA 

ICL76210CPA 1.98 
ІСІ 7622 РОА 
ICL7650CPD 4.98 
ICL7650SCPD 6.27 
ICL7652BCPD 8.24 
ICL7652CPD 8.24 
ICL7660CPA 1.40 
ICL7660SCPA 3.80 
ICL7662CPA 4.40 
ICL7663BCJA 678 
ICL7663BCPA 5.10 
ICL7664CPA 7.95 
ICL7665ACPA 4.98 
ICL7673CPA 1.38 
ICL8052ACPD 8.73 
ICL8068AJD 11.38 
ICL8069CC5C 3.75 
ICL80690C50 2.88 
ICL8069DCZR 2.88 
ICL8211CPA 2.56 
ICL8212CPA 2.48 
(CM7170IPG 6.42 
ICM7207AIPD 6.42 
ICM7207IPD 6.42 
ICM7209IPA 3.75 
ICM7211AMIPL 4.68 
ICM?211MIPL 4.68 
ІСМ7212АМІРІ 3.88 
ICM7213IPD 458 
ICM7216AIJI 22.44 
ІСМ7217АІРІ 9.20 
ICM7217BIJ! 10.42 
ІСМ?217414 10.42 
ICM7218AlJI 6.85 
1CM7218AIPI 6.85 
ICM72180I) 6.85 
ICM7218EIJL 14.76 
ICM7224IPL 8.98 
ICM7226AIJL 26.12 
ICM7226BIPL 23.54 
ІСМ724910М РОА 
ICM7555IBA 2.40 
ІСМ75551ІРА 0.84 
ІСМ7556ІРО 1.85 
IM6403IPL 10.80 
L272 2.10 
L272M 2.10 
L293E 3.90 
(297А 4.69 
L4805CV 2.20 
(487 3.15 
14960 3.15 
17028 2.94 
LA6250 POA 
LA6358 POA 
LA6510 POA 
LA6520 POA 
LC7132 РОА 
1.67522 РОА 
LC7555 РОА 
LD111ACJ POA 
LF13508D 18.20 
LF311H 10.80 
LF347N 2.40 
LF351N 0.98 
LF353N 0.86 
LF355N 1.82 
LF356N 1.82 
LF357BN 4.98 
LF357M/SMD 4.98 
LF357N 1.20 
LF398N 3.98 
(Ғ411СМ 1.48 
LF412CN 1.98 
LF441CN 0.75 
LF442CN 0.99 
LF444CN 2.71 
LHOO02CN 10.80 
LHO032CG 33.60 
LM101AH 5.65 
LM10CM 9.24 
LM114H 6.74 
LM13600N 3.40 
LM13700N 3.40 
LM1391N 3.40 
LM139J 6.60 
LM1458N 0.82 
LM1496N 2.95 
LM1801N 7.92 
LM1881N 4.80 
LM1889N 7.40 
LM1894M 4.16 
LM218H 15.75 
LM239N 3.90 
LM2901N 1.26 
LM2903N 1.25 
LM2904N 1,25 
LM2917N-14 610 
LM2917N-8 5.80 
LM2940CT15 2.95 
(М2940СТ5 2.50 
LM2984CT 7.50 
LM301AN 0.36 
LM307N 1.39 
LM308N 1.65 
LM310N 298 
LM311N 0.64 
LM311N-14 2.15 
LM312H 8.95 
LM317AT 2.60 
LM317T 0.52 
LM317T-SGS 052 
LM318N 2.98 
LM319N 2.84 
LM320L2-12 0.34 
LM324AN 3.66 
LM324J 247 
LM324N 0.64 
LM325N 9.40 
LM3301N 2.60 
LM334Z 2.20 
LM335Z 2.48 
LM3362-2.5 1.48 
LM3362-5.0 1.48 
LM337T 1.15 
LM339AN 2.98 
LM339N 0.60 
LM340AT12 1.98 
LM340T-5 0.48 
LM340T12 0.48 
LM340T15 0.30 





















LM340T5 0.30 
LM343H 8.80 
LM346N 3.96 
LM348DP 0.40 
LM348N 0.40 
LM350T 5.85 
LM351N 2.60 
LM358N 0.32 
LM359M 4.68 
LM360H 7.72 
LM361M/SMD 640 
LM363H-100 16.50 
LM3690M 3.82 
LM369DRC 3.70 
LM380M 1.20 
LM381AN 7.88 
LM3852-1.2 2.20 
LM3852-2.5 2.20 
LM386M-1/5M0 1.65 
LM386M-1 1.40 
LM386N-3 1.80 
LM386N-4 2.60 
LM387AN 5.90 
LM388M-1 4.25 
LM389M 3.40 
LM3900M 1.60 
LM3909M 2.64 
LM3914M 4.40 
LM393M 0.30 
LM393P 0.30 
LM394CN 5.98 
LM39992 2,76 
LM399H 7.85 
LM4250J 11.82 
LM555CM 0.28 
LM565CM 7.48 
LM710CH 2.80 
LM723CH 2.80 
LM723CN 0.70 
LM733CN 2.65 
LM741CJ-14 2.20 
LM741CN 0.45 
LM747CH 2.40 
LM747CN 0.90 
LM78GCP 2.40 
LM79GCP 2.40 
LM833N 2.82 
LS285AB 2.40 
152888 3.60 
157210 4.40 
LI1006CM8 2.72 
LT1010CT 4.58 
LT1028CN8 7.32 
LT1032CN 4.70 
LT1070CT 9.14 
LT1083CP 8.82 
LT1086CT 2.90 
LTC1052 7.97 
(ТС485СМ8 2.16 
LIC490 4.40 
MS218AL POA 
M5220 POA 
M5238L POA 
M5298P POA 
M70681 1.25 
MAX1232CNG POA 
MAX1232CPA 3.57 
MAX1259CPE POA 
MAX162ACNG POA 
MAX232ACPE 4.84 
MAX232CPE 2.80 
MAX232EWE 3.80 
MAX232N 2.80 
MAX280CPA 6.94 
МАХ452СРА 5.38 
MAX627CPA 2.98 
МАХБбОСРА 5.72 
MAX690ACPA 6.58 
MAX694CPA POA 
MAX697CPE POA 
MAX7219CNG 7.15 
МАХ8211СРА 2.28 
MAX901BCPE POA 
МС1377Р 4.93 
МС1413Р 0.74 
МС14411Р 11.38 
MC14416L 17.60 
МС14495Р 4.82 
МС145406Р 210 
МС1455Р 0.40 
МС1455Р1 0.60 
МС1458Р 0.32 
MC1488L 2.40 
МС1488Р 0.38 
MC1489A 0.80 
MC1489AL 2.25 
МС1489АМ 0.80 
MC1489L 2,20 
MC1489P 0.38 
MC1496N 2.20 
MC1558L 3.32 
MC1648P 12.40 
MC1658P 12.78 
MC1709CPI 1.20 
MC1723CP 1.20 
MC1741CP. 0.45 
MC3242AP 7.54 
MC3301P 0.88 
MC3302P 0.60 
MC3340P 1.60 
MC3357P 3.20 
MC3403P 1.40 
MC3446AP 6.75 
MC3479P 7.92 
MC3523U 5.80 
MC4024P 12.78 
MCT2 0.84 
MCT61 1.48 
Mჩ10CCM 8.95 
ML924 4.90 
MM5309N 5.76 
ММ53105М 4.98 
MMB0C95N 1.44 
MP7570JD POA 
MUX24EQ 9.60 
MUX24FP 9.60 
MV500DP 3.05 
MV601DP 3.36 
MVB870DP 5.52 
МЕ5020М 10.84 
МЕ527М 3.71 
NE532N 0.60 











NE536H 
M65530M 
МЕ5532АМ 
NE5532N 
NE5534AN 
NESSSN 
МЕ556/5М0 
МЕ556М 
МЕ558М 
МЕ564М 
МЕ565М 
NE567N 
NES68N 
МЕ570М 
NES71N 
NES89N 
NE592/SMD 
NE592N 
МЕ592М14 
NE602AN 
МЕ602М 
NE604AN 
NE605N 
NE612AN 
NJM4556D 
NJM4558DX 
0Р07С/ 
OPO7CN 
ОР07СР 
ОРО7ЕР 
ОР11бР 
ОР177ЕР 
OP27GP 
OP42FZ 
OP77GP 
OPO7CN 
PM7548HP 
RC4136N 
RC4193N 
RC4194N 
RC4207GN 
RC4558 
RC4558P 
REFO1CP 
REFO1HP 
ВЕҒО2СР 
ВЕҒОЗОР 
86257 
$2560А 
SAA1027 
SAA1043P 
SAA3049P 
SAA5025D 
SAA6002A 
§455605 
SED2000FVA 
SFC2301ADC 
5ЕС27410С 
SG3524N 
SI7660CJ 
511452 
812364С 
5131178 
SL486DP 
514900Р 
SL560C0P 
SL6270CDP 
SL6700CDP 
SN5281CN 
SN554518JG 
SOC12 
SP1648DG 
SP4534 
SP4740DP 
SP8629DP 
SP8660DP 
TA7215P 
ТА7256Р 
TA7368P 
ТА7658Р 
TA78005AP 
ТА8200АН 
ТА8410К 
ТА8449Р 
TAB659AN 
TAABG1A 
ТВА1208 
ТВА240В 
ТВА570 
ТВА820МТ 
ТВА920 
ТВА990 
ТС9106ВР 
TCA335A 
TCA965 
TCM1520AP 
TCM1531P 
ТСМ1705АМ 
TCM3105N 
TCM5087N 
TCM5089N 
TDA1083 
TDA1085A 
TDA1085C 
TDA1151 
TDA1170S 
TDA1515A 
TDA1521A 
TDA1576 
ТРА!578А 
TDA2595 
TDA3048N 
TDA3505 
TDA3810 
TDA440 
TDA4510 
TDA4563 
ТОА4660 
ТОА7010Т 
ТОА7052 
TDA8702 
TEA1045 
TEA1060 
ТЕА5620 
TIPC2801KV 
TLO26CP 
TLOG2CN 
TLOG2CP 
TLO64CD 
TLO64CN 
TL0641D/SMO 
TLO71ACP 


6.75 
3.97 
РОА 
2.98 
2.80 
3.00 
3.30 
5.47 
РОА 
РОА 
0.20 
5.53 
РОА 
4.46 
3.44 
4.96 
7.20 
2.60 
РОА 
РОА 
РОА 
РОА 
2.80 
РОА 
РОА 
РОА 
0.60 
РОА 
РОА 
РОА 
РОА 
РОА 
РОА 
РОА 
РОА 
РОА 
РОА 
РОА 
9.42 
2.40 
2.40 
2.60 


3.80 
1.10 
2.80 
4.98 
4.37 
3.90 
3.60 
3.32 
1.85 
РОА 
РОА 
РОА 
3.38 
3.38 
РОА 
РОА 
2.52 
6.22 
РОА 
4.20 
РОА 
8.40 
1.84 
0.52 
0.52 
0.98 
0.88 
2.10 
1.84 














TLOZ1CP. 0.64 
TLO72ACP 1.48 
Т1072СМ 0.50 
TLO72CP 0.50 
TLO74ACN 2.85 
1L074CM 0.84 
TLO81CP 0.48 
TLo8S2CP 0.48 
TLOBACN 0.48 
TL27L2CD/SMD 1.98 


TL497ACN 3.44 
TL507CP 4.03 
TL7702ACP 2.04 
TL7705ACP 2.04 


TL7705CI 


P 2.04 


TL7709ACP 2.04 
TL7770-SC 3.82 
TL783CKC 5.10 


TLC2201 
TLC2274 


CP 3.74 
CN 2.85 


TLC251CP 2.54 
TLC2652CP 492 


TLC2654CP 4.84 
TLC271CP 0.84 
TLC272CP 1.30 
TLC274CN 240 
TLC339CN 1.98 


TLC372CP 140 
TLC551CP 3.68 
TLC555CP 0.65 
TLC556CN 1.58 
TLC7524CN 524 


TLE2061CP 2.20 
TLE2062CP 3.40 
TLE2064CN 3.45 
TLE2161CP 2.42 


TMS3477NL 5.96 
ТРІС2406МЕ 7.14 
TPIC2802KV 840 
TPIC6259N 3.28 
TPIC6273N 3.26 
TPIC6595N 3.28 
TSC426CPA РОА 
TSCSOOCPE РОА 
TSC7106CPL 6.81 
TSC7116CPL 5.25 
TSC7126CPL 5.35 
TSC7660CPA 1.40 


010968 4.92 
U2066B 2.64 
U2400B 5.50 
ს6648 3.95 
UA2240PC 1.40 
ЧА709СР 0.85 
V4709ჩC 0.85 
ЦА715НС 4.50 
UA723CP 0.70 
UA733CJ 2.98 
ОА741МР 0.60 
UA741TC 0.28 
UA748CP 0.36 
UA?48TC 0.52 
UA77000UIC РОА 
UA798TC 3.80 


UCN5800A 2.40 
UCNS801A 2.60 
UDN2981A 2.00 
UDN2982A 2.00 
UDN6118A 1.65 
UGN3501M POA 


ULN2001 


AN 0.44 


ULN2002A 0.44 
ULN2003AN 0.44 
ULN2004AN 140 
ULN2024A 1.40 
ULN2032A 140 
ULN2803AN 0.84 


UM5100 
M5101 


POA 
3.80 


XR2211CP POA 
XTR110KP 9.95 


Y1112/TI 
231445 
234142 
2M4156 
2M423 
2М425Е- 


4.60 
РОА 
1.04 
1.84 
2.20 
8 5.97 


2М426Е-8 3.68 
ZN428E-8 6.95 


2№429Е- 
2М449Е 


8 2.64 
4.76 














8C182 0.08 |BFW10 1.20 
75107 102 |BC182A 0.08 |Вғхав 0.49 
75107А 102 |BC182B 0.08 | ВЕХ85 0.59 
75108 180 |8C182L 0.08 | BFX88 0.30 
75108A 184 |8С1821В 0.08 |BFX89 1.59 
751088 208 |BC183 0.08 | 86V50 0.34 
75109А 246 |BC183C 0.08 | BFY52 0.34 
75110А 136 |BC!83L 0.08 | BFY90 0.92 
75113 302 |ВС184 0.08 |BS107 0.28 
75114 304 |8C1848 0.08 |88170 0.38 
75115 160 |BC!84L 0.08 | 85250 0.52 
75116 330 |8C184LC 0.08 | 889860 0.48 
75121 260 |BC212-18 0.08 |BSX20 0.38 
75122 РОА |ВС212А 0.08 |BSX21 0.48 
75136 310 |BC212B 0.08 | 85X61 1.85 
75138 440 |BC212L 0.08 | BT136-600 140 
75140 265 |BC212LB 0.08 | BUW46 4.94 
75150 160 |BC213 0.08 }BUZ11 1.60 
75150M 265 | BC213L 0.08 | BUZ11A 1.62 
75152 636 |BC214 0.08 | BUZ47A 6.90 
75154 175 |8C214L 0.11 |IRFZI4 144 
75154M 175 |ВС237 0.08 [!ВЕ220 1.77 
75155 120 |ВС239 0.12 |J113 0.39 
75157 440 |ВС307 0.08 |175 0.68 
75159 5.45 |8С327 0.08 |2270 0.92 
75160А 595 |BC328 0.08 |JA101 0.48 
75161# 647 |8C337 0.08 | M80501 1.10 
75162А 759 |BC337-25 0.08 | MJE13070 1.10 
75172NG 368 |8C489 0.24 | MJE340 068 
75173 3.68 |ВС490 0.30 |MJE350 1.10 
75174 3.20 |ВС516 0.22 |МЈЕ520 0.80 
75174NG 3.68 |ВС517 0.20 | МР53638 0.18 
75175 260 |8C546 0.05 |MPSA06 0.12 
75176A 1.60 |8C5464 0.05 |MPSA13 0.12 
751768 228 |BC546B 0.05 | MPSA63 0.32 
75176BT 498 |ВС547 0.08 | MPSA92 0.24 
75177 260 |BC547A 0.08 | MPSUOS 221 
75178 2.60 |BC5478 0.08 | МТРВРОВ 2.80 
75182 260 |8C547C 0.08 | 0C147 1.80 
75183 260 |ВС548 0.08 | ОС19 1.85 
75188 040 |BC548B 0.08 | 0C45 0.65 
75189 085 |8C549 0.08 | 0C72 0.80 
75189A 0.85 | 8C5498 0.08 | 0C78 080 
75361 284 |8C550 0.08 | 0C81M 0.80 
75365 272 |8C5508 0.08 | 0C817 0.92 
75437А 3.26 |8C550C 0.08 | PN3643 0.18 
75450B 0.64 |8C556 0.08 | ТІСІ06М 0.78 
75451 0.28 |ВС556А 0.08 | TICP206D 0.61 
754518 048 |8C5568 0.08 | TICV106D 0.24 
75452 028 |8C557 0.08 |ТІР115 0.55 
754528 048 |ВО557В 0.08 |ТІР121 0.68 
75453 064 |8C558 0.08 |ТІР145 1.37 
754538 0.64 |ВС558А 0.08 | ТІР2955 0.88 
75454 0.64 |ВС558В 0.08 |TIP30 0.48 
754548 0.98 |ВС559А 0.08 |TIP3055 0.88 
75462 0.98 |BC559B 0.08 |TIP31A 0.38 
75463 110 |BC560A 0.08 | ТІРЗ2А 0.40 
75468 3.60 |BC560C 0.08 |TIP47 0.80 
75469 130 |BC184C 0.08 |V275LA10 0.92 
75470 РОА |BCY7! 0.22 | VNO104N3 0.92 
75471 1.68 |В0131 0.88 | VN66AFD 1.40 
75472 148 |В0135 0.44 | VN90AB 2.96 
75473 148 |BD241A 0.98 | УР0104-М3 0.92 
75474 2.25 |BD242C 0.52 | VPO104N2 0.98 
75477 210 |В0243 0.50 | VPO104N3 0.92 
75491 068 |В0516 0.78 |ZTX212 018 
75ALS176 288 |В0675 0.52 | ZTX237 0.26 
75ALS192 288 |BD676 0.52 |ZTX300 0.18 
75ALS193J 322 |BD679 0.54 | ZTX313L 0.28 
75C1154 288 |В0680 0.56 | ZTX320 0.88 
75C1406 273 |В0743С 1.90 |2ТХ510 018 
75С185 3.98 |80785 112 
75С189А 1.32 BEIC 3.60 
195- 0.08 
M ACD e Acer BETON 022 | No. Pin Gold Tin Gold 
BF200 0.16 of spacTurn sldr sidr 
TRANSISTORS | Fees 0.38 | Pins-ing Pin Tail Tail 
THYRISTORS 6 03 180 6p 18p 
ETHIACS BF256C 0.38 
BF259 040 | 8 03 18р бр 18р 
BF324 028 | 14 03 31р 8p 31р 
40406 160 ცნე) 012 | 16 03 33р 10р 33p 
40673 240 ცნკნი 020 | 18 0.3 39ი 11р 39p 
BC107A/B 017 |ВҒаѕт 022 | 20 03 45p 12p 45p 
BC108A/B/C 017 |с, 016 | 22 03 54р 14р 
8C1098/C 018 |ВЕ759 026 | 24 0.3 54р 14р 
8C140-16 048 |вровт 066 | 24 06 54p 14р 
BC146/01 058  ც-ევ) 090 | 28 06 бор 16р 
8C149 0.40 32 0.6 65р 22; 
BF982 0.88 р Фер 
8C157 0.34 40 0.6 70р 22 
BFG65 179 p 22р 
Bes 034 (вен5з-20н2 048 | 48 06 85р 
BC169C 0.14 А 64 0.75 260p 
BC179 024 |BER91-SGHz 090 | 64 оо? 260 
: BFROIA-6GHz 1.20 р 















































Processo: 
Intel 


80486SX/DX/DX2 
804865X/0X/0X2 


PERSONAL COMPUTER - HARDWARE& SOFTWARE 


MOTHER BOARDS - VESA LOCAL BUS (Without CPU & DRAM) 


r Chip BIOS 


Set 


SIS АМ! 
SIS AMI 


MICROPROCESSORS 


80286-16МН2 INTEL 
80386DX-40MHz AMD 

80486SX-25MHz INTEL 
80486DX-33MHz INTEL 
80486DX-50MHz INTEL 
804860X2-66MHz INTEL 


CONNER HARD DISK DRIVES 


СР.30174  170MB 
CP-30254  250MB 
CP-30344  340MB 


FLOPPY DISK DRIVES 
DFR723F26C 
FD-235HF 
FD-55GFR 


ALPS 
TEAC 
TEAC 


MITSUBISHI MF355C/258MG 1.44МВ 3.5" £29.00 
MITSUBISHI MF504C/318MP 1.2МВ 5.25" £35.00 


GRAPHIC CARDS 

CIRRUS 5426 GVHIO VL-BUS Window Accl. ММВ £75,00 
TRIDENT ТУСА 8900CL New Trident 1MB SVGA£40.00 
TSENG LAB ЕТ.4000 1MB SVGA £60.00 


KEYBOARD & MICE 


BTC 


Enix 


7849R 


VO CARDS 


IDE 








102 UK KeyBoard, Regular Size£24.00 
IMSI SYSTEM MOUSE 3 Button Serial £10.00 
3 BUTTON MOUSE MS COMPATIBLE 10.00 


2HD/2FD/28/1P/1G with cables ` £15.00 


FOR LEDs,DISPLAYS & RELAY 


Cache Max Expansion 
RAM Memory Slots 


1284 32MB 7X16(AT),2x32(VESA) 
256K 32МВ 7х16(АТ),2х22(УЕ5А) 


CO-PROCESSORS 


£65.00 80287-8 
£75.00 80287-10 
£115.00 80287-XL 


£245.00 80387DX-33MHz INTEL £62.00 


£350.00 1 
£390.00 MEMORIES 


1.44MB 3.5" £30.00 
1.2МВ 5.25" £35.00 





М.В. All prices аге subject to change without notice & stock availability. 


Retail Shop: 139, New City Road, Plaistow, London E13 9PX 


SIMM 1Mx9x9 CHIP70ns — P.O.A. 
SIMM 1Mx9x3 CHIP70ns РОЛ. 
19тзес 3.5" LP — £165.00 SIMM 4Мх9х9 CHIP70ns — P.O.A. 

; SIMM 4M»9X3 CHIP70ns — P.O.A 
{msec 3.51 521200 SIMM 256Kx9 CHIP BOns РОЛ 
1Зтзес 3.5"LP #29000 DB: МУ 


SOFTWARE 
MICROSOFT ORIGINAL 
144МВ X5" £30.00 WINDOWS 3.1 £65.00 








BoardSize Pirce 
inmm £ p 


260x220 120.00 
260 x 220 129.00 


INTEL £40.00 
INTEL £48.00 
INTEL £62.00 






IMPORTANT 
АП prices quoted are 
Excluding V.A.T. 






Postage & Packing 
Charge of £3.00 is 
applicable to all goods. 
under the heading of 
‘Personal Computer 
Hardware & Software’. 


Postage & Packing will 
be charged at cost for 

all destinations outside 
the United Kingdom. 


































0.16 
0.18 
0.16 
0.18 
0.22 
9.18 
0.39 
0.20 
0.40 





45138 1.20 
45148 1.12 
45158 112 
45168 0.44 
45178 1.84 
45188 0.40 
45198 0.36 
46208 0.36 
45218 072 
45228 0.86 
45268 0.50 
45278 0.56 
45288 0.49 
45298 0.57 
45308 1.92 
45318 1.14 
45328 0.44 
45348 2.82 
45368 1.22 
4538B 0.60 
45398 0.62 
4541B 0.52 
4543B 0.57 
4544B 2.11 
4547B 1.68 
4549B РОА 
4551B 1.62 
4553B 2.37 
4554B 6.01 
4555B 0.48 
4556B 0.49 
4558 1.88 
4558B 2.18 
4560B 1.51 
45618 1.74 
45628 515 
45668 1.10 
45688 5.17 
45698 3.04 
457208 0.70 
4573P РОА 
45808 8.84 
4588 3.85 
45828 3.85 
45838 0.86 
45848 057 
4585В 0.49 
4597СР 6.90 
45988 6.90 
45998 5.50 
47208 РОА 
4720V POA 
47238 РОА 
47248 1.90 
4731УР 9.80 


4737VP 18.28 
4738УР 18.50 
4750У0 28.50 
4752VP 29.25 


4753VP POA 
4754VP POA 
40085 1.98 
40097 0.62 
40098 0.62 
40100 248 
40101 РОА 
40192 1.20 
40103 0.88 
40105 1.82 
40106 0.30 
40107 0.42 
40108 POA 
40109 1.24 
40110 1.04 
40114 2.62 
40116 12.48 
40117 1.80 
40147 1.23 
40160 0.54 
40161 0.54 
40162 0.54 
40163 0.54 
40174 0.34 
40175 0.47 
40181 РОА 
40192 0.62 
40193 0.74 
40194 1.82 
40195 2.24 
40240 2.62 
40244 1.36 
40245 1.36 
40257 0.54 
40373 1.10 
40374 1.10 
45026 4.42 
45027 5.99 
45028 4.49 
45040 POA 
45041 POA 
45100 РОА 
45106 7.98 
45109 POA 
45138 РОА 
45145 10.04 
45146 РОА 
45151 19.50 
45152 21.45 
45156 15.80 
45157 14.38 
45158 11.94 
45159 РОА 
45406 2.73 
45407 6.47 
45411 РОА 
45414 15.60 
45428 РОА 
45433 РОА 
45440 РОА 
45441 POA 
|4000 SERIES 
ЗУВРАСЕ 
MOUNT 
4001BT 0.32 
4002BT 0.32 
4011ВТ 0.32 
40110ВТ0.32 
40128Т 0.32 
4013BT 0.45 


4015ВТ 0.84 











4016ВТ 0.43 | 74160 0.94 
4017ВТ 0.78 | 74161А 0.98 
4018ВТ 0.78 | 74163 1.28 
40208Т 0.95 | 74164 1.20 
4021ВТ 0.65 | 74165 157 
4023BT 0.38 | 74166 1.06 
40248Т 0.76 | 74174 1.53 
40258 0.38 | 74175 1.23 
4027BT 0.45 | 74180 1.29 
4028BT 0.56 | 74184 РОА 
40298) 0.86 | 74185 1.76 
4040BT 0.78 | 74191 1.41 
4042BT 0.74 | 74192 1.41 
4046ВТ 1.41 | 74193 1.65 
4047ВТ 1.06 | 74221 1.23 
404981 1.06 | 74259 292 
40508Т 0.48 | 74265 1.46 
40518T 0.78 | 74273 POA 
40528T 0.84 | 74276 356 
406287 0.98 74279 138 
40608+ 0.84 | 74283 126 
40668T 0.59 | 74298 POA 
40688+ 0.38 | 74365 070 
4069UBT 0.38 | 74367 106 
4070BT 0.38 | 74393 2.94 
4071BT 0,38 | 74403 РОА 
40758) 0,38 | 74423 РОА 
40778Т 0.38 
407881 038 
4081BT 038 
4093ВТ 0.45 | 741500 0.18 
4094BT 0.95 | 741501 0.18 
4508ВТ 2.05 | 741502 0.18 
4510BT 1.02 | 741503 0.18 
4511ВТ 1.35 | 74L504 0.21 
4512BT 0.68 | 741505 0.21 
4514ВТ 2.20 | 741506 0.51 
4516ВТ 1.02 | 74L507 0.51 
4518ВТ 1.18 | 741508 0.18 
45208) 1.18 | 741509 0.18 
4521ВТ 1.07 | 74L510 0.18 
452281 1.22 | 741511 0.18 
45288) 0.88 | 741512 0.18 
4534BD POA | 741613 0.19 
4538BT 1.05 | 741514 0.24 
4541BT 1.05 | 74LS15 0.38 
4543BT 1.02 | 741520 0.18 
4555BT POA | 741521 0.18 
45568) 1.05 | 741522 0.18 
45858) 0.95 | 741.524 0.58 
40106ВТ 0.53 | 741526 0.18 
40244ВТ 1.35 | 741527 0.18 
40373ВТ 2.34 | 741528 0.24 
741530 0.18 
mise 188 
741532 0.20 
7400 0.36 | 741533 0.20 
7401 0.30 | 741537 0.18 
7402 0.34 | 74LS38 0.18 
7403 0.34 | 741540 0.18 
7404 0.40 | 741542 0.32 
7405 0.40 | 741544 2.11 
7406 0.68 | 74L547 0.55 
7406А 0.72 | 741548 0.54 
7407 0.63 | 741549 1.38 
7407А 0.65 | 741551 0.19 
7408 0.37 | 741.554 0.19 
7409 0.67 | 741555 0.32 
7410 0.35 | 744573 0.40 
7412 0.64 | 74LS73A 048 
7413 0.76 | 741574 0.22 
7414 0.72 | 74LS74A 0.24 
7416 0.53 | 741575 0.28 
7417 0.48 | 741576 0.68 
7420 0.37 | 74LS76A 0.72 
7425 0.59 | 741577 0.42 
7426 0.48 | 741578 0.32 
7427 0.59 | 741583 0.39 
7430 0.35 | 74158ЗА 0.39 
7432 0.45 | 741585 0.38 
7437 0.59 | 741586 0.27 
7438 0.49 | 741590 0.40 
7440 0.77 | 741591 РОА 
7442 0.55 | 74LS92 РОА 
7445 1.20 | 744593 0.44 
7446 1.53 | 74L595 0.48 
7447 0.98 | 741.596 0.82 
7447А 1.67 | 7415107 0.28 
7451 0.57 | 74LS107A 0.38 
7454 0.72 | 7415109 0.28 
7470 0.54 | 74LS109A 0.32 
7472 0.38 | 7415112 0.28 
7473 0.59 | 7415112А 0.34 
7474 0.53 | 7416113 0.32 
7475 067 | 74LS113A 0:38 
7476 072 | 7405114 032 
7480 126 | 7ALS114A 0.36 
7483 110 | 7418122 039 
7485 0.58 | 7415123 036 
7486 0.53 | 7415125 0.28 
7490 076 | 7415125А 0.32 
7490А 1.34 | 7415126 032 
7491 2:56 | TALS126A 0.36 
7492 0.67 | 7415132 0.29 
7492А 1.12 | 7415133 018 
7493 0.68 | 7415136 0.38 
7493A 0.70 | 7416137 0.98 
7495А 1.10 745138 031 
7497 5.23 | 7415139 0.34 
74104 0.67 | 7415145 0.66 
74107 0.60 | 7415147 2.86 
74110 РОА | 7415148 0.83 
74116 3.10 | 74L8151 0.32 
74118 POA | 7415153 0.32 
74119 POA | 7418154 1.12 
74121 0.98 | 7405155 0.34 
74123 0.94 | 7405156 0.38 
74125 0.67 | 7418157 0.38 
74126 0.98 | 74.5158 0.34 
74128 1.19 | 7405160 0.48 
74132 0.86 | 74LS160A 0.54 
74145 1.16 | 7415161 0.46 
74150 1.86 | 7415161А 0.49 
74151 0.80 | 7415162 0.48 
74151А 0.80 | 74LS162A 1.07 
74153 0.90 | 7415163 0.42 
74154 2.16 | 74L5163/ 0.47 
74155 0.81 | 7415164 0.34 
74157 0.74 | 7415165 0.59 
74158 1.57 | 7405166 0.59 
74159 3.98 | 7415168 0.75 


Please mention ELEKTOR ELECTRONICS when contacting advertisers 














74L8169 
7415170 
74.5173 
74LS173A 
74L8174 
7415175 
7415181 
74.5182 
7418183 
74LS189 
741.5190 
7415191 
7415192 
74L8193 
74.5194 
74L8194A 
74L8195A 
74L8196 
7415197 
7413221 
74.5224 
7415240 
7415241 
7415242 
7418243 
741.5244 
7415245 
7415247 
74LS248 
7415249 
7415251 
74.9253 
74.5256 
74.5257 
74L5257/ 
74L§258 
74L8258A 
74.5259 
74LS260 
74LS266 
7415273 
74L5275 
74L5279 
74L5280 
7415283 
74L5290 
74L5292 
7415293 
7415294 
741.5295 
74LS295A 
74L8298 
74LS299 
74L5321 
74L5322 
7415322А 
74LS323 
74LS347 
74LS348 
74LS352 
74LS353 
74LS363 
7415364 
74LS365 
741.5365А 
7415366 
741.5366А 
7419367 
74L8367A 
74LS368 
74L8368A 
74LS373 
741.5374 
7415375 
7419377 
7415378 
74.5379 
74LS3B1A 
74.8385 
74,8386 
74.5390 
7415393 
7415395 
74L8395A 
74LS396 
74LS398 
74-5399 
74.8423 
74.9445 
74.5450 
741.5461А 
741.8465 
74L8467 
74-5468 
7418469 
74LS469A 
741.5490 
74(5491А 
74-5502 
7415540 
7415541 
74-5569 
7415573 
7415574 
74L5590 
74.5592 
74L5593 
74L5595 
74LS597 
74L5621 
74L5622 
74L5623 
74L5624 
74L5625 
74L5626 
74L5627 
7415628 
7415629 
7415631 
7415639 
74LS640 
741.5641 
7415641-1 
741.5642 
74LS642-1 
7415643 
74L5644 
74L5645 
74L5645-1 
74L5646 
74L5652 





0,54 
0.57 
0.57 
0.68 
0.68 
0.44 
20.24 
0.42 
0.42 
0.42 
0.42 
0.42 
0.42 
0.44 
0.68 
0.99 
0.32 


16.86 
0.38 
17.82 
1.11 
1.15 
0.98 
1.53 
3.82 
РОА 
РОА 
3.24 
2.86 
1.98 
1.68 
1.68 
2.10 
РОА 
0.30 
0.34 


0.81 
0.98 
РОА 
10.68 
7.16 
3.82 
7.78 
7.78 
6.10 
6.70 
2.85 
12.82 
РОА 
0.80 
0.80 
РОА 
1.34 
1.34 
4.85 
5.28 
6.79 
4.85 
4.95 
РОА 
РОА 
2.98 
2.10 
5.37 
РОА 
РОА 
1.78 
1.98 
РОА 
РОА 
0.98 
0.98 
1.28 
0.98 
РОА 
РОА 
РОА 
4.14 
1.28 
5.85 
РОА 





VIEWCOM 


TEL 081-471 9338 TLX 929709 УІСОМ G FAX 081-552 0946 
DIGITAL INTEGRATED CIRCUIT SPECIALIST 


7415669 
74.8670 
7415673 
74.5674 
74-5682 
7415683 
74LS684 
74.5685 
7415686 
7415687 
74.5688 
74-3693 
745794 
741.5795 
741.5796 
741.5797 
7415848 
















1.07 
0.78 
РОА 
17.60 
2.62 
РОА 
3.85 
РОА 
РОА 
РОА 
1.98 
РОА 
РОА 
РОА 
РОА 
РОА 
РОА 


74HC SERIES 


74HCOO 
74HC02 
74HCO3 
74HC04 
74HCUO4 
74HCOS 
74HC08 
74НС10 
74НС11 
74НС14 
74HC14A 
74HC20 
74HC21 
74HC27 
74HC30 
74HC32 
74HC42 
74HC51 
74НС58 
74НС73 
74НС74 
74НС75 
74НС76 
74НС77 
74НС85 
74HC86 
74HC93 
74НС107 
74HC109 
74HC112 
74HC113 
74HC123 
74HC125 
74HC126 
74HC131 
74HC132 
74HC133 
74HC137 
74HC138 
74HC139 
74HC141 
74НС147 
74НС148 
74НС151 
74НС153 
74HC154 
74HC155 
74HC157 
74HC158 
74HC160 
74HC161 
74HC162 
74HC163 
74HC164 
74HC165 
74HC166 
74HC173 
74HC174 
74НС175 
74HC181 
74HC182 
74HC190 
74HC191 
74HC192 
74НС193 
74HC194 
74НС195 
74HC221 
74HC237 
74HC238 
74HC240 
74HC241 
74HC242 
74HC243 
74HC244 
74HC245 
74HC251 
74HC253 
74HC257 
74HC258 
74HC259 
74HC266 
74HC273 
74HC279 
74HC280 
74HC283 
74HC298 
74HC299 
74HC323 
74HC354 
74HC356 
74HC365 
74HC366 
74HC367 
74HC368 
74HC373 
74HC374 
74HC375 
74HC377 
74HC386 
74HC390 
74HC393 
74HC423 
74HC521 
74HC533 
74HC534 
74HC540 
74HC541 
74HC563 
74HC564 
74HC573 


0.19 
0.19 
0.24 
0.19 
0.24 
0.20 
0.20 
0.29 
0.20 
0.25 
0.34 
0.22 
0.22 
0.22 
0.22 
0.22 
0.48 
0.29 
0,42 
0.34 
0.25 
0.40 
0.40 
0.51 
0.48 
0.28 
0.44 
9.39 
0.35 
0.40 
0.40 
0.40 


0.64 


74НС57ЗА 0.72 





74НС574 
74НС589 
74HC590 
74HC592 
74HC593 
74HC595 
74HC597 
74HC620 
74HC623 
74HC633 
74HC640 
74HC643 
74НС645 
74HC646 
74HC648 
74HC651 
74HC652 
74HC658 
74HC659 
74HC664 
74HC665 
74HC670 
74HC677 
74HC678 
74HC680 
74HC682 
74HC684 
74HC688 
74HC690 
74НС691 
74HC692 
74HC693 
74HC696 
74HC697 
74HC698 
74HC699 
74HC4002 
74HC4015 
74HC4016 
74HC4017 
74HC4020 
74HC4022 
74HC4024 
74HC4028 
74HC4040 
74HC4046 
74НС4049 
74HC4050 
74HC4051 
74HC4052 
74HC4053 





591 
3.83 
421 
5.70 
0.87 
1.62 
1.62 
1.73 
1.73 
1.48 
1.24 
1.24 
1.24 
0.35 
1.07 
0.44 
0.42 
0.52 
0.56 
0.50 
0.58 
0.50 
1.54 
0.48 
0.36 
0.64 
0.68 
0.68 


74HC4053A 1.10 


74HC4060 
74HC4061 
74HC4066 


0.47 
2.52 
0.46 


74HC4066A0.54 


74HC4067 
74HC4072 
74HC4075 
74HC4078 
74HC4094 
74НС4316 
74НС4351 
74НС4511 
74НС4514 
74HC4515 
74HC4518 
74HC4520 
74HC4534 
74HC4538 
74HC4543 
74HC7001 
74НС7002 
74HC7032 
74HC7266 
74HC7074 
74HC7292 
74HC7294 


4.72 
0.45 
0.32 
0.46 
0.64 
0.68 
0.89 
0.55 
1.38 
1.42 
0.80 
0.72 
0.00 
0.68 
0.81 
1.01 
1.01 
1.01 
0.84 
1.99 
1.10 
1.10 


74HC40102 1.10 
74HC40103 1.10 
74HC40105 1.40 


74HCT SERIES 


74HCTOO 
74HCTO2 
74HCTOS 
74НСТ04 
74HCTOB 
74HCT10 
74НСТ11 
74НСТ14 
74HCT20 
74НСТ21 
74НСТ27 
74HCT30 
74HCT32 
74HCT42 
74HCT73 
74HCT74 
74HCT75 
7АНСТ85 
74HCT86 
74HCT93 
74НСТ107 
74HCT109 
74HCT112 
74HCT123 
74HCT125 
74HCT126 
74HCT132 
74НСТ137 
74HCT138 
74HCT139 
74HCT147 
74HCT151 
74HCT153 
74НСТ154 
74НСТ157 
74HCT158 
74HCT160 
74HCT161 
74НСТ162 
74HCT163 
74HCT164 
74НСТ165 
74НСТ166 
TAHCT173 
74НСТ174 
74НСТ175 
74HCT181 
74HCT182 
74HCT190 
74HCT191 
74НСТ192 
74НСТ193 
74HCT194 
74НСТ195 
74HCT221 
74НСТ237 
74НСТ238 
74HCT240 
74HCT241 
74НСТ242 


0.22 
0.22 
0.26 
0.22 
9.22 
0.22 
0.22 
0.26 
0.26 
9.26 
0.26 
0.26 
0.22 
0.46 
0.36 
0.26 
0.36 
9.60 
0.36 
0.58 
0.40 
0.42 
0.42 
0.64 
0.56 
0.56 
0.50 
0.52 
0,32 
0.45 
0.68 
0.52 
0.44 
1.24 
0.44 
0.48 


0.76 





7АНСТ243 
74НСТ244 
74НСТ245 
74HCT251 
74HCT253 
74НСТ257 
74НСТ258 
74HCT259 
74НСТ273 
74НСТ280 
74HCT283 
74НСТ297 
74HCT299 
74HCT354 
74HCT356 
74HCT365 
74HCT366 
74HCT367 
74HCT368 
74HCT373 
74HCT374 
74НСТ377 
74HCT390 
74HCT393 
74HCT394 
74HCT423 
74HCTS533 
74НСТ534 
74НСТ540 
74НСТ541 
74НСТ563 
74HCT564 
74НСТ573 
74HCTS74 
74HCT583 
74НСТ597 
74НСТ640 
74HCT643 
74HCT645 
74HCT646 
74HCT648 
74HCT651 
74HCT652 
74HCT670 
74HCT673 
74HCT688 
74HCT4002 
74НСТ4015 
74HCT4016 
74HCT4017 
74HCT4020 
74HCT4024 
74HCT4040 
74НСТ4046 
74НСТ4051 
74HCT4052 
74НСТ4053 
74HCT4059 
74HCT4060 
74НСТ4066 
74HCT4067 
74НСТ4075 
74НСТ4094 
74НСТ4316 
74НСТ4351 
74HCT4510 
74HCT4511 
74HCT4514 
74НСТ4515 
74НСТ4516 
74HCT4520 
74HCT4538 
74HCT7007 
74НСТ7046 





2.80 


74HCT40102 2.43 
74HCT40103 1.48 
74НСТ40104 2.71 
74HCT40105 1.82 





74HC SERIES 
SURFACE 
MOUNT 
74HCOOM 0.32 
74HCO2M 0.32 
74HCO3M 0.32 
74HCO4M 0.32 
74HCUO4 0.32 
74HCQ8M 0.32 
74HC10M 0.32 
74HC14M 0.36 
74HC20M 0.36 
74HC30M 0.36 
74HC32M 0.36 
74HC74A 0.36 
74HC75M 0.34 
74HC85WM 0.65 
74HC86M 0.36 
74HC123AM 0.46 
74HC125M 0.46 
74HC132M 0.42 
74HC138M 0.38 
74HC139M 0.38 
74HC154WM 0.64 
74НС157М 0.38 
7AHC161M 0.48 
74НС164М 0.48 
74HC165M 0.57 
74HC173M 0.48 
74НС174М 0.38 
74НС221АМ 0.65 
74HC240WM 0.55 
74НС244У/М 0.55 
74HC245AW 0.62 
74НС251М 0.42 
74HC259M 0.69 
74HC273WM 0.55 
74HC367WM 0.53 
74HC373WM 0.56 
74HC374WM 0.55 
74HC390M 0.57 
74HC393M 0.53 
74HC540WM 0.76 
74HC541WM 0.76 
74HC573WM 1.09 
74HC574WM 0.84 
74HC688WM 0.84 
74НС4017М 0.48 
74HC4020M 0.48 
74HC4040M 0.44 
74HC4046M 1.68 
74HC4060M 0.48 
74HC4066W 0.84 
74НС4538М 0.78 
74F SERIES 
74Ғ00 0.28 
74-02 0.28 
74704 0.28 
74-06 0.74 
74207 0.74 
74208 0.28 
74510 0.28 
74F11 0.28 
74F13 0.62 





74F14 
74F20 
74F27 
74F30 
74632 
74637 
74638 
74640 
74651 
74664 
7474 
74685 
74286 
746109 
746112 
746113 
746114 
746125 
746126 
746132 
746138 
746139 
747148 
746151 
746153 
746157 
746158 
746160 
74F160A 
74F161 
746162 
746163 
746164 
746166 
746168 
746169 
746174 
746175 
746181 
746182 
746189 
746190 
746191 
746192 
746193 
746194 
746195 
746219 
746224 
746240 
746241 
746244 
746245 
746251 
74F251A 
74F253 
74F257 
74F257A 
74F258 
74F259 
74F260 
74F269 
74F273 
746280 
746283 
746299 
74F323 
74F350 
74F352 
74F353 
74F365 
74F366 
74F367 
74F368 
74F373 
74F374 
74F377 
74F378 
74F381 
74F385 
74F395 
74F399 
74F412 
74F413 
74F432 
746521 
746524 
746533 
746534 
746537 
746538 
746539 
746540 
746541 
742543 
742544 
747645 
746547 
746573 
74574 
746579 
746604 
746620 
746621 
746623 
746646 
746676 
746821 
746823 
742825 
742627 
742841 
746843 
746845 
7461244 


74АС SERIES 


74АС00 
74АС02 
74АС04 
74ACOB 
74AC10 
74АС11 
74АС14 
74АС20 
74АСЗ2 
74АС74 
74АС109 
74АС112 
74АС138 
74АС139 
74АС151 
74AC153 
74АС157 
74АС158 
74АС163 
74АС169 
74АС174 
74АС175 
74АС191 
74АС240 
74АС241 
74АС244 
74АС245 





1.20 
1.60 
1.60 
1.60 
1.98 
1.98 
3.98 
РОА 
РОА 
РОА 
2.92 
2.92 
7.98 
4.84 
РОА 
РОА 
РОА 
5.15 
РОА 
3.98 
РОА 
РОА 
4.48 
4.48 
4.93 
РОА 
3.75 


0.38 
0.49 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.48 
0.64 
0.81 
0,65 
0,65 
0.68 
0.65 
0.81 
0.65 
0.80 
1.98 
9.65 
9.80 
1.38 
0.92 
0.92 
0.92 
1.10 





74АС251 
74АС253 
74АС258 
74АС273 
74АС283 
74АС299 
74АС373 
74АС374 
74AC377 
74АС540 
74АС541 
74АС573 
74АС574 
74АС646 
74АС648 





РОА 


74C SERIES 


74000 
74002 
74008 
74010 
74014 
74620 
74C30 
74C32 
74C42 
74C48 
74C73 
74C74 
74C76 
74C85 
74C90 
74C93 
74C95 
74C150 
74C151 
74C154 
740157 
74С164 
74С165 
740221 
74C240 
740244 
74С373 
740374 
740901 
74C902 
74С903 
74C906 
74C907 
74C908 
74C911 
74C912 
740914 
740915 
740922 
746923 
74С925 
74C926 
740929 


0.56 
9.56 
0.56 
0.56 
0.56 
0.98 
0.98 
0.68 
2.88 
2.98 
1.28 
0.94 
1.26 
1.86 
1.29 
2.10 
1.60 
5.40 
3.94 
5.82 
3.80 
2.54 
2.54 
2.98 
2.08 
2.08 
2.08 
2.08 
1.18 
1.18 
1.52 
1.10 
1.10 
2.20 
14.42 
14.42 
1.16 
2.74 
6.80 
6.80 
9.30 
9.30 
9.30 


74$ SERIES 


74500 
74802 
74803 
74804 
74508 
74509 
74510 
74511 
74520 
74532 
74540 
74551 
74564 
74574 
74586 
745112 
745124 
745132 
745133 
745134 
745138 
745139 
745140 
745153 
745157 
745163 
745174 
745175 
745182 
745189 
745195 
745240 
745241 
745244 
745257 
745258 
745260 
749273 
745274 
745280 
745283 
745374 
745394 
745412 
745436 
745437 
745472 
745734 


0.44 
0,44 
0.51 
0.42 
0.42 
0.48 
0.98 
0.48 
0.48 
0.78 
0.25 
0.36 
0.36 
0.98 
1.12 
1.08 
2.42 
9.98 
0.73! 
1.95 
0.88 
0.88 
0.78 
1.26 
1.72 
2.60 
0.92 
1.35 
3.29 
2.14 
2.40 
1.00 
1,12; 
1.77 
1.22] 
1.22 
0.70 
2.44 
2.42 
0.96 
1.90 
2.18 
2.10, 
2.10 
2.62 
2.62 
2.32 
2.62 


VOLTAGE 
GULATORS 


78008AP 
7805 
7805А 
7805ҒА 
7806 
7808 
7809 
7812 
7812А 
7812СТС 
7815 
7818 
7824 
78105 
7BLOSA 


1.15 
0.28 
0.32 
0.45 
0.28 
0.28 
0.32 
0.28 
0.32 
0.32 
0.28 
0.28 
0.28 
0.24 
0.28 


78LOSACLP 0.40 


78105АС2 
78112 
78L12A 
78L12ACZ 
78115 
78124 
78156 
78M05 
78М05А 
78М12 
78М12А 
78M13A 
78M15 
78505 





0.28 
0.28 
0.28 
0.30 
0.28 
0.28 
1.10 
0.32 
0.36 
0.32 
0.36 
0.65 
0.32 
0.48 


78512 


78515 0.55 
7905 0.28 
7905А 0.32 
7905РА 9.60 
7909 0.55 
7912 0.30 
7912А 0.36 
7912ҒА 9.78 
7915 0.30 
7918 0.30 
7924 0.30 


79L12A 0.35 
79L!2ACP 0.35 
79M05 0.42 
79М05А 0.42 
79MOSFA 0.65 
79М12 0.50 
79М12А 0.80 
LM317T 0.50 
LM317MP 1.06 
LM317L2 0.55 
LM338K 4.45 
UA78GUIC 1.02 
UA79GUIC 1.02 
RC4195N 1.80 


1N2986RB 18.20 
1М3881 2.54 
1№3997А 6.55 
1М4001 0.04 
1М4002 9.04 
1М4003 0.04 
1N4006 0.04 
1N4007 0.04 
1М4148 0.03 
1М4149 0.06 
1М4150 0.08 
1N4446 0.06 
1N4728A 0.24 
1N4735A 0.24 
1N4736A 0.24 
144740А 024 
1N4743A 0.24 
1N4744A 0.24 
1N4756A 0.24 
1N52268 0.09 
1М52328 0.09 
1352348 0.09 
1М53378 0.48 
1453498 0.48 
1953528 0.48 
1453578 0.48 
1453658 0.48 
1N5366B 0.48 
1М53708 0.48 
1М53808 0.48 
1М5401 0.11 
1M5402 0.11 
1М6287А 1.55 
1М825 1.80 
1М825А 1.34 
14827 1.40 
185252 0.20 
5082-2800 0.66 
5082-2810 1.40 
5082-2835 0.44 
АА119 0.60 


АА144 0.72 
АА215 0.58 
АА217 0.58 
АА218 0.48 
ВАУ10 0.08 
ВАУ45 4.98 
BAW62 0.06 
BAX16 9.06 
88204 0.32 
ВВ212 2.48 
ВВ405В 0.22 
88809 0.60 
8V179 0.42 


ВҮ260-200 3.58 
ВҮ261-200 3.98 
BYV28-100 0.99 
BYV32-50 1.60 
CV8805 0.60 
0516С 0.40 
МУ1404 15.90 
MV209 1.20 
ОА200 9.10 


ОА202 0.20 
OA47 0.14 
OA90 0.14 
P6KE36A 0.88 
P6KE47A 0.88 
НЕС5ЗА 0.40 


ZPD27V 0.06 


ZENER DIODES 
MISC. 


BZY93C7V5 2.66 
BZY93C15 2.66 
BZY93C18R2.66 
BZY93C20 2.66 
BZY93C24V 2.66 
BZY93C33R 2.66 
В2Т03С120 0.40 
82X61C9V2 0.09 
BZX61C24V 0.09 
ZENER DIODES 
400mw 
2.4V to 75V 
Price: 6p each 


ZENER DIODES 
500mw 

2.4V to 200V 

Price: 6p each 


ZENER DIODES 
1.3 WATT 

2.7V to 200V 

Price:10p each 


ZENER DIODES 
3.0 WATT 
7.5V to 270V 
Price:40p each 
ZENER DIODES 
5.0 WATT 
3.3У to 200V 
Рисе:42р each 


ZENER DIODES 
STUD MOUNT 
20 WATT 

7.5V to 75V 
Price: £4.94 ea. 


BRIDGE 
RECTIFIERS 











0.9A/200VDIL 0.38 
3.0A/200V §IL 0.57 
6/V100V SIL 1.60 
BA/200V SIL 1.96 
35A/100V Sqr 2.98 
КВРС1002 1.64 
KBPC3502 2.98 
VV005- 1A/50V 
9.32 

VV02C- 1.5А 0.40 
2VV02 9.40 
2KBB10R/SIL 0.66 
2KBB20R/SIL 0.70 
B80C1500/Sq 0.35 
B80C1500SiL 0.60 
SKB6008/60A POA 


HC49( HC18/U) 
Freq.MHz 
1.843200 1.60 
2.000000 1.66 
2.457600 1.49 
3.276800 0.98 
3.579545 1.10 
3.686400 1.02 
4.000000 1.02 
4.096000 1.10 
4.194304 110 
4.433619 1.10 
4.608000 1.10 
4.915200 1.20 
5.000000/5 102 
5.068800 1.10 
5.242880 1.20 
5.888200 1.80 
6.000000 1.02 
6.144000 1.02 
6.400000 1.64 
6.552000 1.40 
6.553600 1.21 
7.372800 0.78 
8.000000 1.00 
8.867230 1.34 
9.830400 1.20 
10.00000 1.10 
10.69500 1.90 
11.00000 1.10 
12.00000 0.92 
13.87500 2.40 
14.00000 1.64 
14.31818/5 085 
14.74560/5 1.10 


14.74560 1.10 
15.00000/5 1.10 
16.00000 1.02 
16.00000/8 1.20 
18.43200/5 1.10 


19.66080/S 1.20 
20.00000/5 1.60 
22.11840/S 1.68 
24.00000/5 1.82 
27.64800/58 1.20 
30.00000/8 6.99 
32.00000/5 1.40 
48.00000/8 168 
$ = Series 


HC33/U 


0.204800 8.23 
0.307200 6.99 
1.000000 3.95 
1.843200 3.71 
2.000000 4.65 
2.097152 3.71 
2.457600 1.92 
2.500000 1.92 
3.000000 2.25 


HC49/U4H 


3.276800 1.66 
3.579545 1.58 
5.068800 2.25 
7.864320 1.49 
8.000000 1.14 
10.00000 2.25 
11.05920 2.40 
12.00000 1.14 
14.00000 2.25 
16.00000 1.14 
20.00000 1.52 
24.00000 1.90 


UM-1 


8.000000 2.25 
8.192000 2.02 
10.00000 2.25 
11.00000 2.25 
12.28800 2.66 
15.00000 2.25 
17.73447 2.80 
18.00000 2.50 
20.00000 2.25 
21.00000 2.25 
24.00000 2.80 


CRYSTALS MISC. 


HC43/T 
1,000000 6.99 


MINI CYLINDER 
0.032768 0.88 


WATCH 
0.032768 0.82 


CRYSTAI 
OSC. MODULES 


Әріп DIL 
Plastic pkg 
TTL Output 

4 Pins spaced at 
corners of 8pinDIL 


Freq.= MHz 
4, 4.9152, 8, 10. 
12, 16 & 20 
Price: £2.98 ea. 


24, 32, 40 & 
50MHz 
Price £3.40 ea. 





Әріп DIL 
Sealed Metal 
Package 
HCMOS Output 


13.2тт sq. 
Pins spaced at 
corners of BpinDIL 





Freq.- MHz 
3.6864,4,8,10,12,16, 
20,24,32,40 & 50 
Price: £4.20 each 





TTL Output 
14pin DIL Layout 
Sealed Metal 
4pin Pkg 
Freq. MHz 
1MHz £8.90 ea. 


4,4.9152,6,8,9.8304, 
10,12,15,16, 
18.432, 19.6608, 
20, 24, 25 & 30MHz 
Price: £3.52 ea. 


30, 32, 32.768, 
33.33, 40 & SOMHz 
Price: £4.45 ea. 
Programmable 
Crystal 
Oscillators 





EXO-3C SERIES 
8pin DIL Plastic 
Package 
Freq.- MHz 
12, 14.31818, 16, 
16.384,19.6608 & 
20MHz 
Price: £3.92 еа. 


16pin DIL Plastic 
Package 

Programmable for 

57 Diff.Frequency 


SPGB640AN 
0.005 to 600kHz 


SPG8640BN 
0.0083 to 1MHz 


SPG8640CN 
0.064 to 768kHz 


SPG8650BN 
0.00083 to 100kHz 


Price: Е 9.25 ea. 


OC to DC 
Converters 


TDK CE-0344 5.60 
3WSR 15-15 27.50 
ІРІ. S.010 23.40 


1 Watt DC/DC 
5V input «Output 
ხIL & SIL by 
Newport 
MM#40505+5V. 
NMA0509+9V 
ММА0512>12У 
ММА0515>15У 
Price:£7.90ea. 


DC/DC Converters 
by Computer 
Products 
PM623 24.60 
PM671 26.70 
РМ672 26.70 
PM903 44.00 
PM951 46.50 


RESISTORS 


METAL FILM 
0.25VV 1% 
E24 Series 
10R to 1M 3p each 
N.B. Min Qty. Order 
Min. 5005 per value 
METAL FILM 
PRECISION 
0.25 WATT 0.1% 
E96 Series 
100R to 255K 
Price: £0.94 each 
HIGH PRECISION 
NON-INDUCTIVE 
WIRE WOUND 
0.15 WATT 0.1% 


Temp.Coeff.3ppm 
10R,50R,100R 250R, 
10K,100K 
Price: £3.85 each 


HIGH PRECISION 
NON-INDUCTIVE 
WIRE WOUND 
0.33 WATT 0.1% 


Temp.Coeff.3ppm 
1R,5R,10R,20R,50R 
Price: £3.60 each 


100R, 120R, 250R, 
500ჩ8,1#, 2K, 5K, 
10K,20K 

Price: £3.10 each 


DYNAMIC RAM 
4164-10 1.40 
4164-12 1.20 
4164-15 1.20 
41256-8 2.40 


41256-10 2.40 
41256-12 2.40 
41264-15 2.24 
41464-12 4.45 
41464-10 4.45 
4464-10 2.80 
414256А-70 3.90 
44С256А2-10 6.95 
44C256-8 §,00 
511000-85 8.45 
НМ48416АР-15 
4.60 
HM48416AP-204.25 
HYS3C256LS-80 
1.60 
HY53C464LS-80 
3.95 
HYB51 1000-85 8.45 














KM44C256AZ- 10 6.95] 
MSM4464P-15 4.60 
MK4116N-54 2.80 
MK4564N-15 1.24 
NMC3764N-15 1.60 
UPD41464C-12 4.20 
UPD41464C-15 4.20 
UPD416C-2 3.44 
UPD416C-3 3.63 
UPD446D-1 2.60 
























$ТАТ!С НАМ 









2114-3L 3.44 
6264LP-10 2.40 
6264Lჩ-12 2.40 
62256Lჩ-12 4.95 
62256LP-10 4.99 
CDM6116AE3 5.34 
CDM6117AE3 5.89 
НМ1-6116-5 4.3 
HM3-6116-5 3.69 
HM6116LP-2 2.60 
HM6116LP-3 2.64 
HM6117LP-3 5.79 
HM62256LP-10 7.9; 
HM6264ALP.12 3.99 
HM6264ASP-20 3.98 
HM6267P-35 5.0 
HM628128LP-80 























LH5164D-10L 2.40 
P2114AL-2 3.40 







P2114AL-4 3.40 
PCD5101P 3.30 
UPD43256AGU10L 






8.3 










UPD4364C-15 4.70 











UVPROMS 
27С128-25 3.93 
27С64А-15 3.93 
27С256-15 3.93 
27С256-25 3.93 
027256 5.40 







27C512D-12 6.4 
27C1000D-12 8.92 
27C4096-12 РОА 









HN27C1024HG10 
16.6; 









HN27C64G-15 4.20 
HN27C64G-20  4.2d 
HN462532P 4.50 
HN4827128G-25 4.59 
HN482764G 3.89 











М2716-1Е1 3.50 
MSL2732K 4.40 
M5L2764K 3.30 








MBM27C64-20/21V 










MBM?7C256-30 5.19 
ММС27С2560-25 





4.95 
ММС27С640-25 3.66 
TMS2516JL-45 4.58 
TMS27128JL-25 4.64 
TMS2716JL-45 464 
UPD27256D/21V 5.60 
UPD2732A/21V 4.99 
UPD27C256D-15 5.80 
UPD27C512D-15 6.94 
UPD27C64D-25 4.93 















































EEPROMS 





28C64-25 
28C64-15 
28C256-20 
28C256-15 
28C256-15DC 
X2816AD 
X2816AP-25 
X2864AP-35 
24C01 
24C02 
24C04 
24C16 
28C04A-20 
58C11 
93C06 
93C46 



















MISC. MEMORIES 







6341-1J 4.5 
AM2148-45DC 5.44 
AM27S281PC 3.9 
IDT7130LA-100P 















POA 






10T7132LA-100P 







МВ8414Е 4.99 
МСМ4027АСЗ 2.80 
М825126АМ 2.44 
N82S153N 5.84 
М825181АМ 6.04 
NMC6504J-9 3.44 
MMC9306M 1.45 
Р51011-1 3.90 
TBP18S030N 1.74 
TBP24S10N 2.90 
TBP24SA10N 3.13 
TC5501P 3.54 
ТС5504АР-2 3.40 
TCS516PL-15 4.29 
TC5517AP-2 4.20 
TCS565PL-15 3.64 
TMS4014JDL 3.40 























CAPACITORS 
SURFACE MOUNT 















Multilayer Ceramic 
63 VOLT 

Case Size: 1206 
L2xW1.25mm, 









10pF 22pF 33pF 
47рЕ 

100pF 220pF 330pF 
4ТОрЕ 1000pF 2200p! 
3300pF 4700pF 
10000, 

22000pF 33000рҒ 
Price: 15p each 
























47000pF 100000pF 
Price: 18p each 
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mend dashing off to Dixons апа buy- 
ing the latest hi-tech offering from 
Japan! 

As many satellite viewers regularly 
upgrade their equipment, it is best to 
try and search out a second-hand unit 
which can be modified if necessary. 
This is the approach most 24-cm ATV 
beginners tend to take. Often the small 
ads in the local paper contain suitable 
tuners which can be modified. At the 
moment there is a glut of BSB units, 
some of them brand new, going for 
under £20. The problem is that they 
were designed for D2MAC which uses 
slightly different pre-emphasis and 
digital sound, so unless you are pre- 
pared to spend some time and money 
modifying them for PAL and building a 
sound demodulator, I suggest looking 
for more basic equipment. 

The following is a list of tuners 
which are known to work well with lit- 
tle or no modification. There are many 
more types which could work equally 
well, but unfortunately it is beyond the 
scope of this article to give a complete 
list. A chat with your local ATV techni- 
cal expert will probably put you on the 
right track. 


Video 
Pre-Emphasis 


Sound 
Pre-AMP 
Pre-EMP 


Ж All Part of U3 
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2 Watt 
Power Amplifier 


Buffer Amplifier 


1.3GHz 
Voltage 
Controlled 


OSC 
| 6MHz 
Voltage 


Controlled 
osc 


Loop 
Filter 


Ref OSC 
& 
Divider 
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Fig. 1. Block schematic of the ATV transmitter. 


Make Model 
Nokia SAT1600 
Nokia SAT1700 
PACE РКр800 
РАСЕ РКр900 
BUSH SM1000 


Amateur TV repeaters 


The main advantage of a repeater is 
that everyone can see (and hear) every- 
one else, even if they are using low 
power from a poor location with no- 
body else within ‘simplex’ (one-way) 
range. Obviously, the better sited 
(higher) the repeater, the greater the 
coverage and number of viewers it is 
likely to have. 

The ATV repeater GB3MV, for in- 
stance, covers the town of 
Northampton and surrounding vil- 
lages. Several stations use powers of 
less than 50 mW at distances of more 
than 12 miles away to access the re- 
peater with noise-free pictures. The re- 
peater itself runs 10 watts output into 
an omni-directional ‘Alford’ slot aerial 
which is also used on receive (simulta- 
neously!) by means of careful filtering. 

Stations running such low power 
are able to access the repeater by 
virtue of its very low-noise (sensitive) 
receiver and optimized FM demodula- 
tor. 

There are now a number of active 
repeaters throughout the country, 
with more becoming operative every 
year. Typically, they are left on air 24 
hours a day transmitting test cards 
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Callsign 


GB3CT 
СВЗЕТ 
GB3GT 
GB3GV 
GB3HV 
C83L0 
C83MV 
C83MV 
GB3PV 
GB3RT 
GB3TG 
GB3TN 
GB3TT 
GB3TV 
GB3UD 
GB3UT 
GB3VI 


GB3VR 
GB3XT 
GB3ZZ 


Channel 


RT2 
RTS 
RT2 
RT2 
RT3 
RT2R 
RT2R 
RT2 
RT2 
RT2 
RT103 
RT2R 
RT2R 
RT2 
RT2 
RT1 
RT? 


RT2 
RT103 
RT2 


Location 


Crawley 
Emley Moor 
Glasgow 
Leicester 

High Wycombe 
Lowestoft 
Northampton 
Nottingham 
Cambridge 
Coventry 
Milton Keynes 
Fakenham 
Chesterfield 
Dunstable 
Stoke on Trent 
Bath 

Hastings 


Non-operational 
Non-operational pending change 
to FM 


Worthing 
Burton on Trent 
Bristol 


ATV repeater channel frequencies 


Channel 


RT1 
RT2 
RT2R 
RT3 
RT101 
RT102 
RT103 


Input freq. 


1276 MHz 
1249 MHz 
1249 MHz 
1248 MHz 
10200.MHz 
10255 MHz 
10250 MHz 


Output freq. 


1311.5 MHz 
1318.5 MHz 
1316 MHz 

1308 MHz 

10040 MHz 
10150 MHz 
10150 MHz 





Table 1. Main data on ATV repeaters in the UK. 


24 СМ FM AMATEUR TELEVISION 
TRANSMITTER 








This article describes a simple ‘sure-fire’ FM ATV transmitter 
which uses surface mount technology throughout. It also 
outlines how a typical amateur TV station operates, and how to 
receive either signals direct from an amateur, or via a repeater. 


By Tim Forrester G4WIM 


OR some radio amateurs (and most 

probably the general public at 
large), the ability to communicate with 
other people at a distance has lost 
much of its mystic, possibly due to the 
sophisticated communications infra- 
structure most of the modern world 
now possesses, and the availability of 
high performance radio equipment for 
amateur use. However, for most peo- 
ple, these communications are usually 
limited to speech or fax, with possible 
use of slow scan TV still images by li- 


censed radio amateurs. 

One field where it is still possible for 
amateurs to experiment апа build 
their own equipment is that of fast 
scan television. Few visitors (licensed 
or not) to a ham radio shack equipped 
with television equipment fail to be en- 
thralled by the ability to talk and see 
the person ‘at the other end’, even if 
the other station is only a couple of 
miles away. 

Building up an ATV station does not 
have to be time consuming or expen- 


sive, especially as many households 
already have a camcorder and a satel- 
lite TV receiver. They only require a 
suitable transmitter and aerial to 
transmit pictures (an amateur radio li- 
cence is also obviously necessary!). 


A brief background to 
amateur TV 


Radio amateurs have been ехрегі- 
menting with fast scan TV (normal 
broadcast field and line rates) for 
many years, but due to licence and 
other technical restrictions experi- 
ments were usually conducted on the 
435 MHz (70 cm) band. The bandwidth 
available to amateurs on 70 cm is re- 
stricted, which means it is only possi- 
ble to use amplitude modulation (AM) 
with colour transmissions just being 
possible with careful filtering of the 
transmitter output. The use of ATV re- 
peaters in this band is certainly not 
possible! 

However, many radio amateurs use 
435 MHz AM vestigial sideband TV 
successfully for long distance one-to- 
one contacts, often over hundreds of 
miles when propagation conditions are 
favourable. 

Recently, with the advent of cheap 
satellite TV receivers which cover the 
1.3-GHz amateur band, the possibility 
of high quality FM TV (colour and 
sound) has been made possible for 
many amateurs who previously would 
have thought that operation at such a 
high frequency would present too 
many problems. But perhaps more im- 
portantly, the 1.3-GHz band with its 
greater bandwidth has meant that ATV 
repeaters are able to be licensed. 

For those of you who would like 
more information about amateur TV 
generally, I suggest joining the British 
Amateur Television Club (BATC), they 
can be contacted at 5 Ware Orchard, 
Barby, Near Rugby, Warwickshire 
CV23 8UF. VHF Communications at the 
same address as the BATC also fre- 
quently publishes ATV related pro- 
jects. 


Choosing a suitable 
satellite TV tuner 


Probably the best way to start discov- 
ering what amateur TV (ATV) is all 
about is to acquire a suitable receiver. 
The problem is with so many different 
models and standards, what sort to 
choose. I would not necessarily recom- 
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1.3-GHz design is consistency, 1.е., еп- 
suring that any copy of the design is 
built exactly the same, even down to 
component lead lengths, height above 
the PCB, etc. Other problems are the 
frequency stability and power output 
— both must be adequate to ensure a 
noise free picture into the repeater. 

Dealing with the problem of compo- 
nents first, this design is totally sur- 
face mount. That means all the 
components are soldered directly to 
the board with pre-set lead lengths 
and at a pre-determined height above 
the PCB. 

This technique ensures a high ае- 
gree of repeatability, and, as a bonus, 
a compact, easily portable unit for 
‘outside broadcast’ use! 

Obviously, a free-running oscillator 
at 1.3 GHz is going to drift, but as the 
receiver bandwidth is typically 
15 MHz, that is not too much of a 
problem. This transmitter, though, isa 
fairly powerful compact design, and 
the heat dissipated by other parts of 
the circuit could lead to unacceptable 
amounts of frequency drift. Therefore, 
a simple phase locked loop (PLL) is in- 
cluded to maintain frequency stability 
—- more on the design of the loop later. 
If operators do not mind the occasional 
re-tune of the transmitter frequency, it 
is possible to leave out the PLL circuits 
and install a potentiometer to set the 
operating frequency. This approach 
makes for a unit costing approximately 
£30 less than for the complete device. 
Of course, the PLL circuit could always 
be added at a later date. 

RF power gain at 1.3 GHz can be 
difficult to achieve (and expensive) 
using individual components. 
Fortunately these days it is possible to 
buy RF power amplifiers which come 
in the form of modules offering guar- 
anteed performance. Their cost is соп- 
siderably less than buying the 
individual parts, and there are no 
alignment problems. 

The inclusion of the sound circuitry 
is very simple, based upon well proven 
techniques, and does not merit much 
description. It, too, uses surface 
mount parts for the sake of consis- 
tency and ease of mounting the PCB. 
Other designs have been published 
which use more complex audio circuits 
and sub-carrier oscillators, but it has 
been found that this simple circuit is 
perfectly adequate for working simplex 
and into the repeater. GB3MV actually 
uses a more complex arrangement to 
peak-limit the deviation and maintain 
the sub-carrier frequency to tighter 
limits. 

As mentioned above, 70-cm ATV 
has traditionally used amplitude mod- 
ulation (AM) which means that all the 
modulation stages and subsequent 
amplifiers had to be linear if picture 


distortion was to be avoided. 

On 24 cm, frequency modulation 
(FM) is almost universally used. FM of- 
fers several advantages over AM for TV 
work, and few disadvantages. Perhaps 
the major advantage is that RF ampli- 
fiers can operate in class C, i.e., a non- 
linear, but high efficiency mode. Also, 
a properly designed FM TV receiver 
can exhibit a much better picture 
quality for a lower RF signal to noise 
ratio at the receiver input. These two 
reasons alone explain why FM is used 
for satellite TV broadcasting, and why 
amateurs have adopted similar tech- 
niques and standards. 

Broadly speaking, any FM TV trans- 
mitter comprises the same basic 
stages, as follows: 


(1) RF oscillator, either on frequency or 
multiplied to final frequency: 

(2) Pre-emphasized FM modulator, 
usually associated with (1) above: 

(3) Frequency maintaining phase 
locked loop; 

(4) Sound amplifier and sub-carrier 
oscillator; 

(5) RF power amplifiers. 


As can be seen from the block diagram 
in Fig. 1, the present design follows 
the basic principles outlined above. 

The circuit is given in detail in 
Fig. 2. The RF oscillator is formed by 
Т» running directly at 1.3 GHz. 
Varicap diode Dg is used to modulate 
the oscillators frequency with both 
baseband video and the 6-MHz sound 
sub-carrier. In conjunction with the 
PLL circuits it also maintains the de- 
sired mean frequency. 

As FM noise rises with frequency, a 
better overall system signal to noise 
ratio can be achieved by boosting (pre- 
emphasising) the high frequency video 
signal, and then using de-emphasis at 
the receiver to restore the desired flat 
frequency response — the same princi- 
ple as used on terrestrial FM radio. 

In this design, the components be- 
tween J4 and Rog perform pre-empha- 
sis to CCIR 405, a widely used 
broadcast standard. Preset Rog sets 
the total video deviation. 

Integrated circuits Ug and Ug am- 
plify the low-level signal from То up to 
about 2 watts output. 

The transmitter RF output is turned 
on by applying bias to Us via a switch 
on 42. The PLL is left running all the 
time power is applied to the unit. 

Circuit Чо is a the sound pre-ampli- 
fier and pre-emphasis circuit, with Т, 
being a frequency-modulated 6-MHz 
oscillator. The exact frequency and 
level of the sound sub-carrier is set by 
C5o and Күз respectively. 

The PLL used in this design is very 
basic and uses only two ICs, Оз and 
05. There is no loop filter opamp. 
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24 CM ATV TRANSMITTER 


Instead, the output of 174 is used di- 
rectly to drive the loop filter whose out- 
put (via R45) controls the mean voltage 
on Оз, and thus the oscillator fre- 
quency. R, and Rg аге in series purely 
to make the PCB layout easier! 

U; is used as a fixed divide-by-128 
prescaler io bring the output of Т» 
down to within range of Us. The refer- 
ence frequency of Оз for use with its 
internal phase detector is 8 MHz di- 
vided by 2048, giving a reference of 
3.90625 kHz. This results in a channel 
step of 500 kHz at 1.3 GHz when it is 
effectively multiplied by 128 with U;. 

For good quality pictures, the over- 
all frequency response of a TV trans- 
mitter ideally would be from DC to 
approximately 5.5 MHz. Usually, the 
high frequencies are not too much of a 
problem, provided care is taken with 
the design. However, when using a PLL 
which tries to maintain the nominal 
carrier frequency, if the PLL band- 
width is too great, it can effectively 
strip off any low frequency compo- 
пепів. Therefore, to ensure the РІМ, 
cannot attenuate or distort the low fre- 
quency frame sync pulses, it must 
have a loop bandwidth of less than 
50 Hz. The design presented here has 
a loop bandwidth of about 30 Hz, eas- 
ily low enough to ensure adequate low 
frequency response. 

A side effect of using a low loop 
bandwidth with a basic design like this 
is the PLL lock time. Typically. the PLL 
could take several hundreds of mil- 
liseconds to acquire lock from switch 
on. That is why in this design the PLL 
is kept ‘alive’ all the time, and the 
transmitter turned on by applying bias 
to the PA. This technique offers the 
benefit of having a low-level signal pre- 
sent for picture alignment purposes 
before actually going ‘on-air’. 

The low loop band bandwidth of 
30 Hz also makes it very easy to atten- 
uate any traces of the 3.90625 kHz ref- 
erence frequency, which may 
otherwise leak through into the signal 
path, and modulate the transmission. 

By varying the divide ratio in Us, it 
is possible to program any other fre- 
quency in the band 10 a resolution of 
500 kHz. With a jumper (or switch) 
across Js, the transmitter will operate 
on 1249 MHz, the most popular re- 
peater input frequency. Due to spreads 
in Х|, Cog and Сув. the reference oscil- 
lator may not be exactly on 8 MHz, and 
may result in a slight frequency offset 
of up to 100 kHz — not a problem with 
a 15-MHz receiver bandwidth! If de- 
sired, Соз could be trimmed to ensure 
operation on exactly 1249MHz. 

Leaving Js open-circuit results in 
the transmitter operating on 
1265 MHz for simplex operation. АП 
the 'N' programming inputs to U4 have 
internal pull up resistors, so its quite 
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when not actually being used as a re- 
peater. The test card in beacon mode 
serves as a useful signal for people 
wishing to aim their antennas and 
align receivers. The test card ‘pages’ 
contain the usual colour bars and 
often text carrying local amateur radio 
news and technical details about the 
repeater. Every few minutes the re- 
peaters also identify themselves in CW 
(morse code) on the audio channel. 
The presence of a video signal on 
the repeaters input will result in the 
repeater becoming active and relaying 
the signal being received. In most 


MSA-0886 


RF 


C26 827 ჩ4 


cases, there is no need for tone access 
as with voice repeaters. 

Table 1 gives a list of 1.3 GHz 
(24 cm) repeaters in the UK along with 
their channel numbers (apologies if 
any of the data below is out of date by 
the time this article is published). 

Recently, to increase the coverage 
area of ATV repeaters, plans are being 
formulated to link one repeater to an- 
other using point-to-point microwave 
links. Indeed, GB3TG is already linked 
to СВЗТУ via 10 GHz (3 cm), and there 
are plans to link GB3MV to СВЗТУ via 
СВЗТС on possibly 2.3 GHz (13 cm). 
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Design of a 24-cm ATV 
transmitter 


Due to the availability of satellite re- 
ceivers, getting going on receive is usu- 
ally the first step towards operating on 
TV and normally presents few prob- 
lems. Having successfully received 
some amateur signals, viewers more 
often than not want to start transmit- 
ting as well! The problem is how to 
construct an effective transmitter, 
given the inherent problems of 1.3GHz 
construction. 

One of the major hurdles with any 
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Fig. 2. Circuit diagram of the 24-cm ATV FM amateur television (ATV) transmitter. 
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in order to leave Jg open-circuit. 


Construction 


Virtually all the parts used in this de- 
sign are readily available surface 
mount types, however there are a few 
parts which are normally leaded. Х1, 
U, and Оз require converting to sur- 
face mount, easily achieved by forming 
the leads to fit the pads on the PCB. 

Generally, the use of surface mount 
parts throughout makes installing the 
PCB into a case very easy with no need 
for special spacers etc. Additionally. by 
fastening the PCB directly down to the 
case, a good earth is ensured between 
the PCB ground plane, RF power am- 
plifier module and the case. This, in 
turn, leads to a more reproducible de- 
sign with less chance of RF instability 
due to circulating earth currents. 

The PCB is designed to fit into a 
standard diecast box approximately 
120x 95x 3.5 сш (4.75 x 3.75 x 1.4 
inch). If continuous operation is envis- 
aged, an additional heatsink is recom- 
mended. Figure 4 shows how the PCB 
and controls are arranged. 

In certain critical areas operating at 
1.3 GHz, ATC capacitors are used. I 
would not recommend using any other 
manufacturer, otherwise the circuits 
may not operate as intended. 

Building the unit up is very easy, 
providing a small-tipped iron, a pair of 
tweezers and fine gauge (832SWG or 
similar) solder are used. It is recom- 
mended that all passive parts are 
loaded first, followed by the semicon- 
ductors, leave fitting the RF power am- 
plifier till last when the unit has been 
tested and is ready to be finally in- 
stalled in its case. 

Ensure that when loading polarized 
components (especially diodes and ca- 
pacitors) they are fitted the correct way 
around. An obvious statement, but 
when using surface mount compo- 
nents it is sometimes difficult to iden- 
tify which end is which. Figure 3 
shows the location of all parts on the 
PCB, and identifies the polarity of 
diodes and electrolytic capacitors by 
means of a bar. So, with reference to 
the circuit diagram in Fig. 2 it is pos- 
sible to determine the correct orienta- 
tion. 

While building the unit, take care to 
inspect each joint as its made. Then, if 
possible, before applying power, wash 
the PCB in a suitable solvent and then 
check all the joints again. Care in con- 
struction will save many hours of 
faultfinding and possibly damaged 
components. 


Testing 


It is assumed that constructors have 
no suitable 1.3-GHz test equipment, 
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Fig. 4. Internal view of the author's prototype. Note how the PA module is bolted to the bot- 
tom of the enclosure and the heatsink on the back. 


but do have a satellite receiver, a 
source of composite video and a DVM 
or high-impedance multimeter. 

The first step is to ensure that the 
PLL is operating and holding the fre- 
quency on 1249 MHz. Make sure that 
Js is in place, then apply power. 
Monitor the voltage at the junction of 
Ro and Rao. Next, adjust Сіз until the 
voltage reading is approximately 4 V. 
Remove the trimming tool after each 
adjustment as stray capacitance from 
the trimming tool will often affect the 
oscillator's free-running frequency and 
hence the required control voltage 
from the PLL. 

Remove the link, so programming 
the PLL for 1265 MHz, and note that 
the voltage increases to something less 
than 7.5 V. If all is well, replace the 
link and tune the satellite receiver to 
1249 MHz. A blank raster or similar 
should be on the screen. 

A small aerial (even a piece of wire 
would suffice) connected to the solder 
spot for pin 1 of U5 may be necessary 
to ensure an adequate signal for the 
satellite TV tuner, but take care not to 
overload the receiver. 

Set both Rj» and Ков fully counter- 
clockwise. Next, apply a video signal to 
Ja. Gradually turn Rəs clockwise until 
a picture is seen with a good balance 
between contrast and grey scale. 
Ideally, use a pattern generator as a 
source of video. 

Connect an electret microphone to 
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J4, and set Во mid-way. Make sure 
that the satellite tuner sound channel 
is set for 6 MHz. While watching the 
picture, turn Rj», until a slight pattern- 
ing can be seen, then reduce it until it 
just becomes invisible. Adjust Cog for 
maximum quieting on the sound chan- 
nel combined with best audio quality. 

Following the above procedure 
should be sufficient to get the unit op- 
erating, but some of the settings may 
require fine adjustment ‘on air’ when 
working a more distant station. 
Having completed the preliminary low 
power alignment, install the PCB into 
its case and solder the RF power am- 
plifier in place, along with the RF out- 
put cable and other connections. With 
reference to the photograph in Fig. 4, 
note the use of copper tape under the 
PA module and PCB to aid RF earth- 
ing. 

If an RF output power meter or 
dummy load is available, connect it to 
the RF output, and with an ammeter 
in series with the main supply, turn 
the unit on and key the transmitter on 
by linking Jo. The total current drawn 
should be just under 1 А, and the RF 
output power approximately 2 W. 
Standby current should be about 
75 mA. 

Connecting the unit to an aerial is 
all that is required to go ‘on air’. 

I would recommend the use of a 
G3JVL quad loop yagi aerial, as this 
particular design offers excellent gain 
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COMPONENTS LIST 


Resistors: 

All resistors and presets SMT 0.25W. 
Resistors size 1206, 

R1;R10 = 4kQ7 
R2;R3;R14;R15;R28;R29;R30 = 8kQ2 
R4;R32 = 4700 

R5;R19 = 2k92 

R6 = 82LC 

В7;811 = 470 

R8;R21;R25 = 180 

R9;R31 = 1000 

R12;R26 = 1kQ preset (Bourns 3304W) 
R13;R16;R17 = 100kQ 

R18;R27 = 1kQ 

R20 = 1MQ preset (Bourns 3304W) 
R22 = 3000 

R23;R24 = 750 


Capacitors: 

All capacitors SMT series ATC100A, 
size 0805 unless otherwise noted 
C1;C4 = 68pF 

C2;C3 = 10uF electrolytic 
C5;C14;C22;C26;C33; = 33uF tantalum 
C6 = 1nF5 

C7;C27;C28 = 1nF 
C8;C18;C29-C32;C34;C35;C38;C39 = 
100nF ceramic, size 1206 

C9;C12 = 10pF 

C10;C16;C40;C41 « 1pF 
C11;C15;C17;C21;C23;C24;C25;C36 = 
47pF 

C13 « 5pF trimmer (Stettner) 

C19 = 220pF 

C20 = 25pF trimmer (Stettner) 

C37 = 1uF ceramic, size 1206 


Semiconductors: 

D1;D2 « GF1B 

D3;D4;D5 = BB811 

T1 = BFR30 

T2 = BFR92 

U1 = LM7808CT 

U2 = ICL7611DCBA 

U3 = MC145151P2 (Motorola) 
UA = 78LO5ACM 

U5 = M67715 (Mitsubishi) 

U6 = MSA-0886 (Avantek) 

U7 = M8501L flatpack (Fujitsu) 


Inductors: 

All inductors SMT, Siemens SMD02 
L1;L4;L6 = OWH1 

L2;L3 = 10uH 

L5 =10nH 


940027 


Miscellaneous: 

J1-J6 = 2-pin header 

X1 = 8MHz crystal 

Printed circuit board (see p.22). 
Diecast case, Hammond 1590BB. 
Heatsink 7.5x9.7x2.5cm. (SK04 75mm) 
BNC socket. 

2 miniature on/off switches. 

Jack (3.5mm) and DC supply socket. 
SMC RF socket. Fig. 3. Artwork for the double-sided fibreglass printed circuit board designed for the trans- 
mitter. 
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Please mention ELEKTOR ELECTRONICS when contacting advertisers 


POWER AMPLIFIER MODULES-TURNTABLES-DIMMERS- + РА 


LOUDSPEAKERS-19 INCH STEREO RACK AMPLIFIERS 


THOUSANDS PURCHASED 
BY PROFESSIONAL USERS 


THE RENOWNED МХЕ SERIES OF POWER AMPLIFIERS 
FOUR MODELS:- MXF200 (100W + 100W) MXF400 (200W + 200W) 


MXF600 (300W + 300W) MXF900 (450W + 450W) 

ALL POWER RATINGS R.M.S. INTO 4 OHMS, BOTH CHANNELS DRIVEN 
FEATURES: xindependent power supplies with two toroidal transformers * Twin L.E.D. Vu meters ж 
Level controls * Illuminated on/off switch Ж XLR connectors Ж Standard 775тУ inputs Ж Open and short circuit 
proof * Latest Mos-Fets for stress free power delivery into virtually any load * High slew rate ж Very low 
distortion * Aluminium cases * MXF600 & MXF900 fan cooled with D.C. loudspeal ti 


USED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC. 
SIZES:- MXF200 W19"xH3*2" (2U)xD11” 
MXF400 W19"xH5'4" (3U)xD12" 
MXF600 W19"xH5*4" (3U)xD13" 
MXF900 W19"xH5*«" (3U)xD14*?.4" 
PRICES:-MXF200 £175.00 MXF400 £233.85 
MXF600 £329.00 MXF900 £449.15 
SPECIALIST CARRIER DEL. £12.50 EACH 


OMP ХОЗ STEREO 3-WAY ACTIVE CROSS-OVER 


Advanced 3-Way Stereo Active Cross-Over, housed іп a 19" x 1U case. Each channel has three level controls: 
bass, mid & top. The removable front fascia allows access to the programmable DIL switches to adjust the 
cross-over frequency: Bass-Mid 250/500/800Hz, Mid-Top 1.8/3/5KHz, all at 24dB per octave. Bass invert switches 
on each bass channel. Nominal 775mV input/output. Fully compatible with OMP rack amplifier and modules. 


Price £117.44 - £5.00 P&P 


STEREO DISCO MIXER with 2 x 7 band 
L & R graphic equalisers with bar graph 
LED Vu meters. MANY OUTSTANDING 
FEATURES:- including Echo with repeat & 
speed control, DJ Mic with talk-over 
switch, 6 Channels with individual faders 
plus cross fade, Cue Headphone Monitor. 8 
Sound Effects. Useful combination of the 
following inputs:- 3 turntables (mag), 3 
mics, 5 Line for CD, Tape, Video etc. 


Price £144.99 + £5.00 P&P siz | 482 x 240 x 120mm 
PIEZO ELECTRIC TWEETERS - MOTOROLA 


Join the Piezo revolution! The low dynamic mass (no voice coil) of a Piezo tweeter produces an improved 
transient response with a lower distortion level than ordinary dynamic tweeters. As a crossover is not required 
these units can be added to existing speaker systems of up to 100 watts (more if two are put in series. FREE 
EXPLANATORY LEAFLETS ARE SUPPLIED WITH EACH TWEETER. 
TYPE ‘A’ (KSN1036A) 3” round with protective wire mesh. Ideal for 
bookshelf and medium sized Hi-Fi apeakers. Price £4.90 - 50p P&P. 
ТУРЕ ‘В’ (KSN1005A) 3'2" super horn for general purpose speakers, 
disco and Р.А, systems etc. Price £5.99 - 50р P&P. 
TYPE “С! (KSN1016A) 2"x5" wide dispersion horn for quality Hi-Fi sys- 
tems and quality discos etc. Price £6.99 + 50p P&P. 
ТУРЕ ‘D’ (KSN1025A) 2”X6” wide dispersion horn, Upper frequency 
response retained extending down to mid-range (2KHz). Suitable for high 
quality Hi-Fi systems and quality discos. Price £9.99 + 50p P&P. 
TYPE 'E' (KSN1038A) 3%4” horn tweeter with attractive silver finish trim. 
Suitable for Hi-Fi monitor systems etc. Price £5.99 г 50p P&P. 
LEVEL CONTROL Combines, on a recessed mounting plate, leve! control 
and cabinet input jack socket. 85x85mm. Price £4.10 + 50p P&P. 


ibl FLIGHT CASED LOUDSPEAKER 


А new range of quality loudspeakers. designed to take advantage of the latest 
speaker technology and enclosure designs. Both models utilize studio quality 
12" cast aluminium loudspeakers with factory fitted grilles, wide dispersion 
constant directivity horns, extruded aluminium corner protection and steel 
ball corners, complimented with heavy duty black covering. The enclosures 
are fitted as standard with top hats for optional loudspeaker stands 


POWER RATINGS QUOTED IN WATTS RMS FOR EACH CABINET 
FREQUENCY RESPONSE FULL RANGE 45Hz - 20KHz 


iblFC 12-100WATTS (100dB) PRICE £159.00 PER PAIR 
ibl FC 12-200WATTS (100dB) PRICE £175.00 PER PAIR 


SPECIALIST CARRIER DEL. £12.50 PER PAIR 


OPTIONAL STANDS PRICE PER PAIR £49.00 
Delivery £6.00 per pair 


THREE SUPERB HIGH POWER 
CAR STEREO BOOSTER AMPLIFIERS 
150 WATTS (75 - 75) Stereo, 150W 
Bridged Mono 
250 WATTS (125 
Bridged Mono 
400 WATTS (200 + 200) Stereo, 400W 

+ Bridged Mono 

В ALL POWERS INTO 4 OHMS 
Features: 
ж Stereo, bridgable mono * Choice of 
high & low level inputs * L & В level 
controls * Remote on-off * Speaker & 
дегіта დ ор 


125) Ѕіегео, 250% 


PRICES: 150W £49.99 250W £99.99 
400W £109.95 P&P £2.00 EACH ого 
POSTAL CHARGES PER ORDER £1.00 MINIMUM. OFFICIAL 
ORDERS FROM SCHOOLS, COLLEGES, GOVT. BODIES, PLCs ETC. 
PRICES INCLUSIVE OF V. SALES COUNTER. VISA AND 
ACCESS АССЕРТЕ! Y POST, PHONE OR FAX. 
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SERVICE x LARGE (А4) TAMPED FOR CATALOGUE x 


«ГЕТЕ eyes SUPPLIED READY BUILT AND TESTED. 


These modules now enjoy a world-wide reputation for quality, reliability and performance at a realistic price. Four 
models are available to suit the needs of the professional and hobby market i.e. Industry, Leisure, Instrumental and Hi-Fi 
etc. When comparing prices, NOTE that all models include toroidal power supply. integral heat sink, glass fibre P.C.B. and 
drive circuits to power a compatible Vu meter. All models are open and short circuit proof. 


THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS 


OMP/MF 100 Mos-Fet Output power 110 watts 
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz 
-3dB, Damping Factor >300, Slew Rate 45V/uS, 
T.H.D. typical 0.002%, Input Sensitivity 500mV, S.N.R. 
-110 dB. Size 300 x 123 x 60mm. 
PRICE £40.85 | £3.50 P&P 


OMP/MF 200 Mos-Fet Output power 200 watts 
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz 
-3dB, Damping Factor : 300, Slew Rate 50V/uS, 
T.H.D. typical 0.00194, Input Sensitivity 500mV, S.N.R. 
-110 dB. Size 300 x 155 x 100mm. 

PRICE £64.35 + £4.00 P&P 


OMP/MF 300 Mos-Fet Output power 300 watts 
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz 
-3dB, Damping Factor > 300, Slew Rate 60У/и5, 
T.H.D. typical 0.001%, Input Sensitivity 500mV, S.N.R. 
-110 dB. Size 330 x 175 x 100mm. 

PRICE £81.75 - £5.00 P&P 


OMP/MF 450 Mos-Fet Output power 450 watts 
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz 
-3dB, Damping Factor >300, Slew Rate 75V/uS, 
T.H.D. typical 0.001%, Input Sensitivity 500mV, S.N.R. 
-110 dB, Fan Cooled, D.C. Loudspeaker Protection, 2 
Second Anti-Thump Delay. Size 385 x 210 x 105mm. 
PRICE £132.85 + £5.00 P&P 


OMP/MF 1000 Mos-Fet Output power 1000 watts 
В.М.$. into 2 ohms, 725 watts R.M.S. into 4 ohms, 
frequency response 1Hz - 100KHz -3dB, Damping 
Factor > 300, Slew Rate 75V/uS, T.H.D. typical 
0.002%, Input Sensitivity 500mV, S.N.R. -110 dB, Fan 
Cooled, D.C. Loudspeaker Protection, 2 Second 
Anti-Thump Delay. Size 422 x 300 x 125mm. 

PRICE £259.00 - £12.00 P&P 


NOTE: MOS-FET MODULES ARE AVAILABLE IN TWO VERSIONS: 
STANDARD - INPUT SENS 500mV, BAND WIDTH 100KHz. 

PEC (PROFESSIONAL EQUIPMENT COMPATIBLE) - INPUT SENS 
775mV, BAND WIDTH 50KHz. ORDER STANDARD OR PEC. 


LOUDSPEAKER LARGE SELECTION OF SPECIALIST LOUDSPEAKERS 
AVAILABLE, INCLUDING CABINET FITTINGS, SPEAKER 
GRILLES, CROSS-OVERS AND HIGH POWER, HIGH 
FREQUENCY BULLETS AND HORNS, LARGE (А4) S.A.E. 
(60p STAMPED) FOR COMPLETE LIST. 


McKenzie and Fane Loudspeakers are also available. 


EMINENCE:- INSTRUMENTS, P.A., DISCO, ЕТС 


ALL EMINENCE UNITS 8 OHMS IMPEDANCE 

8" 100 WATT R.M.S. ME8-100 GEN. PURPOSE, LEAD GUITAR, EXCELLENT MID, DISCO. 

RES. FREQ. 72Hz, FREQ. RESP. TO 4KHz, SENS 97dB. PRICE £32.71 - £2.00 P&P 
10" 100 WATT R.M.S. ME10-100 GUITAR, VOCAL, KEYBOARD, DISCO, EXCELLENT MID. 

RES. FREQ. 71Hz, FREQ. RESP. TO 7KHz, SENS97dB. PRICE £33.74 . £2.50 P&P 
10" 200 WATT R.M.S. ME10-200 GUITAR, KEYB'D, DISCO, VOCAL, EXCELLENT HIGH POWER MID. 
RES. FREQ. 65Hz, FREQ. RESP. TO 3.5KHz, SENS 99dB. PRICE £43.47 + £2.50 P&P 
12" 100 WATT R.M.S. ME12-100LE GEN. PURPOSE, LEAD GUITAR, DISCO, STAGE MONITOR. 
RES.FREQ. 49Hz, FREQ. RESP. TO 6KHz, SENS 100dB. PRICE £35.64 - £3.50 P&P 
12" 100 WATT R.M.S. ME12-100LT (TWIN CONE) WIDE RESPONSE, Р.А., VOCAL, STAGE 
MONITOR. RES. FREQ 42Hz, FREQ. RESP. TO 10KHz, SENS 98dB. PRICE £36.67 - £3.50 P&P 
12" 200 WATT R.M.S. ME12-200 GEN. PURPOSE, GUITAR, DISCO, VOCAL, EXCELLENT MID. 

RES. FREQ. 58Hz, FREQ. RESP. TO 6KHz, SENS 98dB. PRICE £46.71 : £3.50 P&P 
12" 300 WATT R.M.S ME12-300GP HIGH POWER BASS, LEAD GUITAR, KEYBOARD, DISCO ETC. 
RES. FREQ. 47Hz, FREQ. RESP. TO 5KHz, SENS 103dB. PRICE £70.19 - £3.50 P&P 
15” 200 WATT R.M.S. ME15-200 GEN. PURPOSE BASS, INCLUDING BASS GUITAR. 

RES. FREQ. 46Hz, FREQ. RESP. TO 5KHz, SENS 99dB. PRICE £50.72 - £4.00 P&P 
15" 300 WATT R.M.S. ME15-300 HIGH POWER BASS, INCLUDING BASS GUITAR. 

RES. FREQ. 39Н2, FREQ. RESP. TO 3KHz, SENS 103dB. PRICE £73.34 + £4.00 P&P 


EARBENDERS:- HI-FI, STUDIO, IN-CAR, ЕТ 


ALL EARBENDER UNITS 8 OHMS (Except ЕВ8-50 8 EB10-50 which аге dual impedance tapped а 4 & 8 ohm) 
BASS, SINGLE CONE, HIGH COMPLIANCE, ROLLED SURROUND 

8" 50watt EB8-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI-FI, IN-CAR. 

RES. FREQ. 40Hz, FREQ. RESP. TO 7KHz SENS 97dB. PRICE £8,90 - £2.00 P&P 
10" 50WATT EB10-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI-FI, IN-CAR. 

RES. FREQ. 40Hz, FREQ. RESP. TO 5KHz, SENS. 99dB. PRICE £13.65 | £2.50 P&P 
10" 100WATT EB10-100 BASS, HI-FI, STUDIO. 

RES. FREQ. 35Hz, FREQ. RESP. TO 3KHz, SENS 96dB. 

12" 100WATT EB1 2-100 BASS, STUDIO, HI-FI, EXCELLENT DISCO. 
RES. FREQ. 26Hz, FREQ. RESP. TO 3 KHz, SENS 93dB. PRICE £42.12 - £3.50 P&P 
FULL RANGE TWIN CONE, HIGH COMPLIANCE, ROLLED SURROUND 

514" GOWATT EB5-60TC (TWIN CONE) HI-FI, MULTI-ARRAY DISCO ETC. 
RES. FREQ. 63Hz, FREQ. RESP. TO 20KHz, SENS 92dB. 

67/2” 60WATT EB6-60TC (TWIN CONE) HI-FI, MULTI-ARRAY DISCO ETC. 
RES. FREQ. 38Hz, FREQ. RESP. TO 20KHz, SENS 94dB. 

8" 60WATT EB8-60TC (TWIN CONE) HI-FI, MILTI-ARRAY DISCO ETC. 
RES. FREQ. 40Hz, FREQ. RESP. TO 18KHz, SENS 89dB. PRICE £12.99 - £1.50 P&P 
10" 60WATT EB10-60TC (TWIN CONE) НІ-ҒІ, MULT! ARRAY DISCO ETC. 

RES. FREQ. 35Hz, FREQ. RESP. TO 12KHz, SENS 98dB. PRICE £16.49 - £2.00 P&P 


RANSMITTER HOBBY KIT 


PROVEN TRANSMITTER DESIGNS INCLUDING GLASS FIBRE 
PRINTED CIRCUIT BOARD AND HIGH QUALITY COMPONENTS 
COMPLETE WITH CIRCUIT AND INSTRUCTIONS 
3W TRANSMITTER 80-108MHz. VARICAP CONTROLLED PROFESSIONAL 
PERFORMANCE, RANGE UP ТО 3 MILES, SIZE 38 x 123mm. SUPPLY 12V а 0.5АМР. 
PRICE £14.85 - £1.00 P&P 
FM MICRO TRANSMITTER 100-108MHz, VARICAP TUNED. COMPLETE WITH 

VERY SENS FET MIC, RANGE 100-300m, SIZE 56 x 46mm, SUPPLY 9V BATTERY, 


PRICE £30.39 - £3.50 P&P 


PRICE £9.99 - £1.50 P&P 
PRICE 610.99 : 1.50 РАР 


A PHOTO: 3W FM TRANSMITTER 


B.K.ELECTRONICS 


UNITS 18 5 COMET WAY, SOUTHEND-ON-SEA, 
ESSEX. SS2 STR. 
Tel: 0702 -527572 Fax.:0702 -420243 





M RADIO AND TELEVISION 


ULTRA LOW COST 8051 
DEVELOPMENT SYSTEM 


MG51EV 
EVALUATION BOARD 


BUILT & TESTED 


£49 


+VAT + P&P 


all debug commands: Dump, Enter, Fill, Go, Move, Register... 
Breakpoints, single stepping or multiply single step, 


m MONITOR / DEBUGGER EPROM 


ASSEMBLE & UNASSEMBLE functions... 


full access to ROM, internal (inc. SFRs) and external RAM areas 
m 8kbytes RAM for prog./data (Extendable upto 32kbytes) 
m 16 |/O LINES (including the serial port, timers, interrupts PORT 1&3) 


m DOWNLOAD INTEL HEX FILES 
m HW/SW RESET 


FROM 


m AUTOMATIC BAUD-RATE ADJUSTING (600, ... 4800 baudrate) 


m TERMINAL PROGRAM & USER'S MANUAL 


supplied on 5.25" or 3.5" disks for IBM PC compatibles 


m SERIAL COMMUNICATION CABLE for IBM PC compatibles 
m FULL TECHNICAL SUPPORT (inc. layout diagram & mounting plan) 


m 8052 FAMILY SYSTEMS ALSO AVAILABLE 


each price for UK & EC* 
(incl. VAT & P&P = £5) 
£49 + VAT + P&P = £62.58 
{59 + VAT + P&P = £74.33 
£69 + VAT + P&P = £86.08 


-656 96 43 


FAX: 081-6569643 


ORDERCODE pc RAM 
MGSIEV-12 8031 I2MHz 8k 
MGSIEV-16 80031 16МН» 32k 
MG52EV- 16 80C32 l6MHz 32k 
Unless the EC purchaser has a VAT number 


CALL US NOW ON 081 


INTERNATIONAL «44 81 6569643 


microGem 
systems 


OMPUTER BASED SYSTEMS 
DESIGN & CONSULTANCY 


and, perhaps more importanily. ade- 
quate bandwidth to cover both re- 
peater input and output frequencies. 
The designer of this antenna. Mike 
Walters G3JVL, can be contacted at 26 
Fernhurst Close, Hayling Island, 
Hants, РО11 ODT. 

Often two aerials are used, one for 
transmit and one for receive. If they 
are placed sufficiently far apart it is 
usually possible to run ‘look through’ 
on a repeater without any additional 
filtering. 


ATV operation 


Ideally all amateurs aiming to use ATV 
should try to run ‘look through’ when 
operating through a repeater. Running 
‘look through’ offers several advan- 
tages, probably the most important 
being able align and adjust your signal 
through the repeater for best effect. 
Secondly, if any one else wishes to use 
the repeater, he or she can usually be 
seen to cause patterning. Etiquette 
normally decrees that the present user 
drop out and let the other station oper- 
ate! 

One of the unusual aspects of ATV 
is that when a station is on air, other 
people (usually unlicensed) often get in 
on the act and find themselves being 
televised and sometimes having a con- 


Each price for outside 
Europe (іпс.Р&Р=10) 
£49 + P&P = £59 
£59 + P&P = £69 
£69 + P&P = £79 


112 LONGHEATH GRDNS 
ADDISCOMBE 
CROYDON 

SURREY 

CRO 7TP 


versation with the person on the re- 
ceiving end! It seems to be an unwrit- 
ten rule that this is permissible, 
providing the license holder is present 
to monitor proceedings. On this basis 
ATV can get the whole family involved 
in the hobby! 

For those stations watching but not 
able to transmit, talkback usually 
takes place on 144.750 MHz or 
144.725 MHz, so offering full duplex 
operation of sound. 

NOTE If all of the above has got you 
fired-up and keen to disconnect the 
satellite tuner from the LNB and fit a 
23cm aerial in its place, a word of cau- 
tion. The d.c. power for LNB units is 
sent up the coax. That is OK if you are 
planning to fit a mast head preamp, 
and power it in the same manner as 
the LNB, but if your tuner has suffi- 
cient sensitivity or you live close to the 
repeater and decide you don't need а 
pre-amp, then be careful to either dis- 
connect the DC feed inside the tuner, 
or use an aerial which is a DC open 
circuit. 

Otherwise you stand a chance of 
shorting out the LNB power feed. If it is 
not current-limited, you could do some 
damage. Some tuners however have an 
LNB fuse, in which case it is just a 
matter of removing the fuse when 
using an external aerial which is a 


Multichannel 
Free view 


გ No contracts 
SmartCard 


D2-Mac Eurocrypt 
Videocrypt 


IK-Tjànst 


P.O. Box 460 
$-901 09 Umea, Sweden 
Phone + 46 (0)90 13 84 40 
Fax + 46 (0)90 13 84 70 
BBS + 46 (0)90 13 84 70 





short to d.c. 


Conclusion 


In an article such as this it is impossi- 
ble to cover and explain all the various 
aspects of ATV operation, but it is 
hoped that a little light has been shed 
on the subject for those readers who 
have never heard of amateur TV. 

Television is a very technical field 
and much more demanding in terms of 
equipment performance and operation 
than, say, voice communication. 
However, because of these problems, 
the rewards for success are that much 
greater and well worth the effort. 

Well that's about it, hope to SEE 
you soon! и 


A high-quality printed circuit board for 
the 24cm ATV transmitter is available 
from the author. For price and ordering 
information, write to T. Forrester, 24 
Corran Close, Dallington, Northampton 
NN5 7AL. The author also supplies 
some of special components used in 
this project. Two suggested sources for 
the M67715 are Electronic Microwave 
Components (EMC) Ltd. (0376) 561116, 
and Misubishi Semiconductor Division 
(0707) 276100. 
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Fig. 3. Circuit diagram of the power supply for the mini preamplifier. 


AMP1(dBr) 


0.0 кетеерин ет აიას 


-20.00 








-40.00 


-60.00 |__| | —- | 


-80.00 








-100.0 | 














-120.0 


-140.0 


























-160.0 





0.0 500.0 1.00k 1.50К 2.00k 2.50k 3.00k 3.50k 4.00k 
FREQ(Hz) 930106-13 


Fig. 4. The THD characteristic leaves little to be desired. 
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MINI PREAMPLIFIER E 


on noise is kept away from the outputs. 
On-off indication is given by 03-Кзо. 
The design of the power supply follows 
the same philosophy as the amplifier: no 
complicated circuits where simple ones 
will do. Circuits ICs and ІС are voltage 
regulators. The delay stage derives its own 
supply directly from the secondary of the 
mains transform er via 04, Ds, Raj, Cog. 


Enhancement measures 


Quality starts with the constituent com- 
ponents. For example, there are many 
types of phono input socket available, but 
for best results only gold-plated ones will 
do. Good-quality rotary switches are also 
a must, but these can prove difficult to 
obtain. The type of potentiometer used 
for the balance and volume controls has 
a very real influence on the quality of the 
amplifier. Again, for best results, use a 
top quality type, such as Alps. Capacitors 
Сзапа С. should preferably be MKT types, 
but МКР ones will do as well. Note, how- 
ever, that the printed circuit board (see 
Fig. 5) can cope with less expensive types 
of passive components as well. 

There is a wide choice of integrated cir- 
cuits as shown in the parts list. This does 
not mean that the NE5534 used in the 
prototype is not a satisfactory choice, but 
there are other, more expensive, types 
that may meet an individual need better. 
It should, however, be borne in mind that 
a more expensive device does not always 
provide better aural quality. 

Of course, there are different yard- 
sticks for the buffer and the amplifier. For 
the buffer. low noise and a high input im- 
pedance are prime requirements, whereas 
for the amplifier a good gain-bandwidth 
product and a low output impedance are 
important. The slew rate reflects much 
about the quality of an opamp, but its im- 
portance in top-quality audio equipment 
must not be exaggerated: other parameters 
may be just as important. 

Since few people will be able to try out 
all the operational amplifiers in the parts 
list, the author's recommendations are 
the SSM2131 for IC, and ICs (the OPA627 
is also excellent, but perhaps rather ex- 
pensive for this application) and the 
OPA637 for IC; and IC4. In the latter case, 
the LT1028 and OP37 are good second 
choices. Bear in mind that all types which 
are not unity gain stable require special 
compensation when they are used as buffers. 
This compensation varies from one type 
to another and is not always wholly sat- 
isfactory. It is, therefore, best if the rec- 
ommended type is not used to choose an- 
other that is unity gain stable. Compensating 
capacitors Су and Сә should be omitted 
when unity gain stable types are used. 


Construction 


Before construction is started, cut or saw 
the printed circuit board in Fig. 5 into 
four along the lines indicated. Populating 
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Design by T. Giesberts 


The two major properties of the design described are simplicity 
and quality. Simplicity is achieved by omitting such 
superfluous facilities as tone control, mono-stereo selection, 
rumble filters, noise filters, and so on. Such measures also 
improve the quality, which may be further enhanced by the use 
of the best available components 


һе changes that have taken place іп 

the audio world over the past decade 
are reflected in design philosophy. In the 
past there were two clear camps in audio 
engineering: one that advocated full con- 
trol of frequency, the use of various fil- 
ters, and soon, and the other which wanted 
the minimum of controls. Nowadays, what 
is the use of a 33/78 input and a rumble 
filter in the absence of a record player? 
Why have a noise filter when available 
signal sources do not produce noise? And 
what is the use of a mono-stereo selec- 
tor? Moreover, the quality of current sig- 
nal sources and the recording quality of 
compact discs surely make tone control, 


and equalizers superfluous? 

When all these facilities are omitted, 
what is left? Only the basic functions: 
input selection, volume control, balance 
control, and perhaps a separate selector 
for record out. These functions require 
relatively few components and that is an 
aspect that audio purists have always 
seen as a great plus point. After all, what 
is not there can not cause noise or dis- 
tortion. 


The design 


Figure 1 shows that the omissions dis- 
cussed earlier result in a fairly simple cir- 






































cuit. The input signals enter via phono 
sockets K;-K,5. Each of the inputs is in- 
dividually terminated by R;-Rj$. Switch 
S, selects the record out signal, which is 
applied to output sockets Күз and Kj, via 
Rj3 and Кд. Switch $2 functions as the 
standard input selector. 

The signals at poles A and B of S» (left- 
hand and right-hand channels respect- 
ively) are applied to a further terminat- 
ing resistor, R15 (Кв). The overall termi- 
nating impedance of the selected input 
has the standard value of 47 КО. The sig- 
nals are then applied to a buffer stage, 
IC; and ICs, which is arranged as a unity 
gain amplifier. Since the NE5534 is not 
inherently unity gain stable, a compen- 
sation capacitor, C (Со), is connected be- 
tween pins 5 and 8. 

The output of the buffer is applied to 
a voltage amplifier, IC4 (IC4) via balance 
control P; and volume control Рз. The am- 
plification of ICვ (IC4) is set to x5.5 with 
the aid of R25-R235 (R95- Rog). This ensures 
that in spite of the losses in the balance 
control a nominal output level of 1 V is 
obtained with an input of 250 mV. 

The outputs of IC4 and ІС, are applied 
to output sockets Кү and Кү respect- 
ively via contacts of relay Кет. Delay stage 
Ті arranges for the relay to be energized 
a few seconds after the supply has been 
switched on. This ensures that any switch- 
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IC1,IC3 = NE5534 




















Fig. 1. Circuit diagram of the mini preamplifier. 
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the four constituent boards should prove 
straightforward. 

Interconnect E, Е, G —, О and ‘+’ on 
the supply board and the amplifier board 
with appropriate lengths of flexible cir- 
cuit wire. 

Sandwich the other two boards together 
with the aid of spacers as shown in Fig. 7 
and interconnect them with short lengths 
of bare wire. The interconnections be- 
tween the boards near Куз and Kj, is via 
Куз and Куд. Note that resistors Rj-Rj5 
are soldered directly to the terminals of 
the phono sockets. When the sandwich 





























has been completed, connect A, B, and 
C, D to the amplifier board via two short 
lengths of screened cable. 

Connect the outputs of the amplifier 
board to output sockets К and Kg via 
two lengths of screened cable. 

The boards can then be built into a 
suitable enclosure. It is the intention that 
the sandwiched boards are mounted on 
the inside rear panel and that the spin- 
dles of the rotary switches are extended 
tothe front panel—see Fig. 8. Asuggested 
front panel suitable for a number of en- 
closures is shown in Fig. 6. It should not 














































































































prove difficult to adapt this to a particu- 
lar enclosure. 


Some parameters 


• The input sensitivity is 250 mV into 
47 КО for an output of 1 V into 1000. 
* Channelseparation is 82 dB at 1 KHz. 
* Noise suppression and total harmonic 
distortion (THD) are shown in Fig. 4. 
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Fig. 5 (а). Printed circuit board (component layout) for the mini preamplifier. 
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DATA ACQUISITION WITH THE PC 
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LOW COST: HANDYPROBE 





a digital 


is provided. 


servicing and 


storage oscilloscope, 
spectrum analyzer, 
voltmeter anda 
transient recorder 


The HANDYPROBE is 
eminently suitable for 


educational purposes. 


Connect the HANDYPROBE to the parallel printer port 
of the PC and start the software. Measuring can be 
carried out at once. The HANDYPROBE does not need 
an external power supply. Some technical parameters: 
0.5-400 V software | 

select input range; 
one input channel; 

8 bits resolution 
(overall accuracy 2%); 
A complete software 
program consisting of 





MULTIFUNCTIONAL: TP5008 









sec (200 kHz) 


The TP5008 is an interface card 
that provides an analogue 
output in addition to two input 
channels. This output in 
combination with the two 
inputs may be used for the 
setting up of a complete 
control loop. The output |... 
may also be used asa ^ 
function generator. 

The TP5008 has a 
resolution of 8 bits 

and a sampling rate 

of 200,000 samples/ 

. The input range may be set to 0.5-20 V 


full-scale deflection. The output range covers 1.25-2.5 V. 


|! The TP5008 





is fitted with BNC connectors and is 


delivered complete with a user manual and software. 
Separately available are 1:1-1:10 probes 
and 1:100 oscilloscope probes. 


£ 197 



























WRITE, DISK) (DEVICE ETTINGS | 









TiePie engineering manufactures a complete 
range of computer-controlled measuring instruments. 
Connecting these units to a PC (MS DOS 3.0 or higher) 
results in a number of compre- 
hensive test instruments: 
















oscilloscope; 
voltmeter: 
spectrum analyzer; 
frequency meter: 
transient recorder. 
All measured data can be stored 

on disk or run off for documentation. Because of the 
many trigger possibilities, a variety of signals can be 
measured, while the powerful software enables a 
multitude of measurements to be carried out т a 
straightforward manner. Application areas include: 
service; medical research; automatic test systems; 
research and development; and education. 










BEST PERFORMANCE: HANDYSCOPE 


The HANDYSCOPE is connected to the parallel printer 
port. This makes it possible to carry out measurements 
with a laptop or notebook PC. Because of its high 
resolution (12 bits), the HANDYSCOPE is a very accurate 
instrument. The measuring rate is 100,000 samples/sec. 
Either of the two channels can be set independently 
over a range of 0.5-20 V (with a 1:10 probe up to 200 V). 
The advanced software enables many measurements to 
be carried out. Two probes (switchable 1:1-1:10) are 
provided. The HANDYSCOPE is constructed as a small 
table model with two BNC connectors. 
The length of 
the cabie 
linking the 
PC and the 
HANDYSCOPE 
is 1.8m, 
which can be 
extended 

to 3.8 m. 






































































£ 399 





VERY HIGH SPEED: TP208 


The TP208 is an interface card 
with a measuring speed of 
2x20 Megasamples/sec 

(8 bits). Phenomena shorter 
than one millionth of a 
second can still be 
measured well. 

The completely digitized 
triggering ensures very 
stable triggering with | 
many trigger 


possibilities. y с: % ' 
< 








































Тһе ТР208 has ап 
input range of 
5 mV/div to 20 V/div in 12 steps and an auto calibration 
function. Since both channels may be sampled 
simultaneously, phase differences can be measured 
very accurately. Even single phenomena can be 
measured since each channel has a 
32 KByte memory. Comprehensive £ 595 
software is provided. 

(All prices are exclusive of VAT and P&P! 


Interested? Then write or fax for a FREE demo diskette to 


INSTRUTEK (UK) 
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28 Stephenson Road 
Industrial Estate 

St Ives, Cambs PE17 4WJ 
England 


Telephone (0480) 460028 
Fax (0480) 460 340 
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Parts list 


Resistors: 

Rj-Rjo, Ris, Rjg = 100 КО 
Куз. Ва = 1 KQ 

Бі. Rjg, Rag = 2.2 КО 
Rig, Roo = 680 Q 

Ro}, Rog = 270 КО 
Rog, Ros = 221 0,1% 
Коз. Rog = 1 КО, 1% 
Бот. Rog = 1000 

Rog = 6.8 МО 

Ra; = 1800 


Potentiometers: 
P; = 10 КО, linear, stereo 
Ро = 10 КО, logarithmic, stereo 


Capacitors: 

Cy, Со =22 pF 

Сз, Сд = 10 uF, MKT (polytherephtalate) 
Cs = 4.7 ВЕ, 63 У 

Св-С1з = 100 nF 

Суд, С 15 = 10 НЕ, 25У 

Cig Ci; = 470 ҺЕ, 40У 

Сіз. С19 = 220 nF 

Соо = 100 uF, 40V 

C51-C24 = 47 ПЕ, ceramic 


Semiconductors: 
0), Ро = 1N4148 
Оз = LED, З mm 
рд, Ds = 194003 
B, = B80C 1500 
T; = ВС517 


Integrated circuits: 

IC;-IC, = See text: 
NE5534 (bipolar) 
SSM2131 (FET) 
SSM2 134 (bipolar) 
OP27 (bipolar); 
OP37 (bipolar 
OPA627 (FET) 
OPA637 (FET) 
LT1028 (bipolar) 
LT1115 (bipolar) 
TLE2027 (bipolar) 
TLE2037 (bipolar) 
AD743 (FET) 
AD745 (FET) 
LT1007 (bipolar) 
LT1037 (bipolar) 
LM627 (bipolar) 
LM637 (bipolar) 

ICs = 7815 

ICg = 7915 


Miscellaneous: 

K;-K;g = phono socket for board 
mounting 

Куу = 2-мау terminal block, pitch 7.5 mm 

51. 52 = 2-pole, 6-position rotary switch 
for board mounting 

Re; = 12V miniature relay with 2 change- 
over contacts for board mounting 

Tr, = mains transformer, secondary 
2x15 V, 3.3 VA 

Enclosure as appropriate 

Mains socket for panel mounting 

Mains on/off siwtch 

PCB Ref. 930106 (see p. 70) 

Front panel foil (Not available ready made) 

















Fig. 7. The print for the sockets and that for the rotary switches are assembled into a 
*sandwich' with the aid of suitable spacers. 











Fig. 8. The spindles of S, and S; must be extended to protrude through the front panel. 
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Sub-frame Format 


Sub-frame 
Bit'O 123456789 26 27 28 29 30 31 





LSB 


Audio Data MSB|V [U|C|P| 
Validity ae 
User Data 
Channel Status Data 
Parity Bit 
930098-12 


Fig. 2. Format of a sub-frame 


Preamble Forms 


11111 0:0 071 0 


ad 


Preambie Y 


т 0:0 1:0 0! 


Preamble Z 


11111 011 0:0 0; 


| 


Preambles 


Ге ПЕ 
11100010 ог 00011101 
11100100 ог 00011011 
|2 | 11101000 ог 00010111 | Ch. А & C.S. Block Start 


930098-13 






Fig. 3. The preamble of a sub-frame may 
have one of three forms which indicate 
the start of a channel and a block. 





can be copied digitally once. However, 
once the copybit has been deactuated, the 
generation status bit plays no role. 

The present circuit checks whether the 
copybit is set (logic 0) ог not (logic 1). II IL 
is 0, itis made 1; butifitis 1 already, noth- 
ing happens. It is of interest to know that 
the copybit needs to be altered only once. 
From then on, any digital recording can 
be copied again and again by anybody on 
any equipment. 


Block schematic and timing 
diagram 

The block schematic is given in Fig. 6 and 
the timing diagram in Fig. 7. The S/PDIF 
signal is applied to RXIN. The input selector, 
operated by the ON/OFF or UNLK signal 
determines whether the S/PDIF signal is 
applied to the circuit or not. The clock de- 
rived from the S/PDIF signal by the mother 
equipment is set on to the FCK line. The 
clock frequency is twice the bit rate and 
shifts all biphase-coded bits into an 8-bit 
shift register. Those eight bits enable the 


Frame / Block Format 


Preambles 


VV [X [Channel А]У | Channel В[2 | Channel AJ Y [Channel B] X | Channel ALY | Channel В]Х] S 


Sub-frame 






Frame 191 


Start of Channel Status Block 


Sub-frame 


930098-14 


Fig. 4. A complete block is composed of 192 frames, 
each of which consists of a sub-frame A and a sub-frame B. 


by the manufacturer for any application. 
Bit 30 is responsible for the channel sta- 
tus block. Note that channel status blocks 
А апа В are identical. 

The S/PDIF signal has a channel sta- 
tus block with consumer format: Fig. 5 
shows what the bits represent. For the 
present purposes only bit 2 of byte 0, the 
copybit, is of importance. Strictly speak- 
ing, so is bit 7 of byte 1, since this indicates 
the generation status. Itis used to ensure 
that a private analogue recording on DAT 
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preamble detector to identify all X-, Y- and 
Z-preambles. As soon as preamble Z (QZ) 
is detected, the preamble counter is reset 
and two Y-preambles (QY) and two X-pre- 
ambles (QX) are counted down, because 
the copybit is located in bit 30 of sub- 
frames 2A and 2B. Having arrived at sub- 
frame 2A, the preamble counter starts the 
bit counter by making the BCE signal 
logic high. Thereupon, the bit counter 
counts 52 clock periods and then makes 
the Copy Control Bit (CCB) high for one clock 


COPYBIT ELIMINATOR Ш 


period. A clock period later, the Parity 
Control Bit (PCB) is made high for one 
clock period in an identical manner. Since 
the copybit is contained in both channels, 
the CCB and the PCB in subframe 2B are 
also made high for one clock period in the 
manner described. Note that the CCB is 
high during the ‘second half of the copy- 
bit, whereas the PCB is high during the ‘first 
half’ of the parity bit. The exact location 
of the copybit in both Channel A and Channel 
B is now known. The function of the CCB 
and the PCB will be reverted to later. 

Register 1 functions аз а D-type bistable 
with inverted input and delays the 
S/PDIF signal by one clock period. If the 
output of Register 1 is denoted DEL, then 
in Boolean algebra: 


DEL = SPDIFIN> 


Register 2 also functions as a D-type 
bistable but with selective logic at the D 
input. Whether the copybit is set or not may 
be ascertained from input signals SPDIFIN, 
CCB and DEL. In Boolean algebra: 


МСА = SPDIFIN . DEL. ССВ 
+ SPDIFIN» · DEL» · ССВ 


Remember: the copybit is set when it is О 
(logic low) and 20 coded in biphase results 
ina half period ofa rectangular waveform 
with T = 2/bit rate. The FCK clock fre- 
quency amounts to twice the bit rate. For 
example, in the top signal, SPDIFIN, in 
Fig. 8, Case 1 0(A), itis clear that the copy- 
bit (indicated by C) has not been set be- 
cause its first half is low and the second 
half is high. In other words, it is a whole 
period of a rectangular waveform with 
T = 1/bit rate and that corresponds to 1 
(logic high). 

As mentioned before, the CCB is high 
during the second half of the copybit. At 
that instant, DELrepresents the inverted 
level of the first half and S/PDIF the sec- 
ond half. The first half is compared with 
the second half of the biphase-coded copy- 
bit: since the halves are not identical, out- 
put NCA of Register 2 becomes high a 
clock period later. NCA being high means 
that the copybit was not set. 

The block Port in Fig. 6 is a port with- 
out a register function. It is the last and 
most important link which ensures that 
the copybit is cleared if it was set; the par- 
ity bit is then also corrected. Figure 8 
shows all possible combinations of the 
biphase coded copybit/parity bit section 
that may occur in the SPDIFIN input sig- 
nal, and the result at the Port output 
SPDIFOUT. The combinatorial function that 
arranges this is in Boolean algebra: 


SPDIFOUT = SPDIFIN . CCB» . РСВ 
+ DEL: ССВ + DEL» · PCB · NCA> 
+ SPDIFIN .РСВ · МСА 


From а design point of view, it would be 
neater if Port were a register function, be- 
cause theoretically glitches may arise dur- 


COPYBIT ELIMINATOR 


By H.J. Schaake 





This article describes an inexpensive and straightforward 
circuit for eliminating the copybit from a digital S/PDIF* audio 
signal. К enables any existing or future digital audio-signal 
source to be copied digitally time after time after time to any 
other digital audio recording system. In other words, with it one 
can copy (digitally) one’s own musical work many times without 
degradation by the Serial Copy Management System—SCMS. 


ver the past few years, more and more 

digital audio recording apparatus has 
become available: first, the DAT (Digital Audio 
Tape) recorder which was soon followed 
by DCC (Digital Compact Cassette) and Mini- 
Disc equipment. To meet the music industry's 
demand that copying of proprietary record- 
ings (tapes, CDs, etc) should be difficult 
(in view of the menace of pirate copying), 
manufacturers of commercial digital record- 
ing equipment build in their apparatus a 
subsystem that enables making a digital 
copy once only. No further digital copies 
can be made from that copy, only ana- 
logue ones. This copy inhibit system is 
called Serial Copy Management System 
(SCMS). The system works with the aid of 
a bit, called the copy prohibit bit, which 
is contained in the serial digital audio sig- 
nal. This is, of course, an excellent protective 
measure for the music industry, but it 
creates difficulties when one wants to 
make digital copies of one’s private work. 
It is interesting to note, by the way, that 


most professional apparatus is not equipped 
with SCMS: such equipment thus makes 
unlimited digital copying possible. 

It is clear that where the rights of the 
musical recording(s) are privately owned, 
there can be no objection to making as many 
digital copies as needed. For such cases, 
the circuit described may be built into the 
digital recorder to eliminate the copy pro- 
hibit bit. 


The S/PDIF signal 


The S/PDIF provides a serial single-line 
connection in one direction for trans- 
porting a digital stereo audio signal with 
associated sub-codes and error detection. 
The connection may be by coaxial or op- 
tical fibre cable. 

Since it is a one-way serial connection 
and the receive circuit must ‘know’ where 
each bit begins and ends, the signal must 
contain a clock. As illustrated in Fig. 1, 
this is achieved by biphase mark encod- 


*Sony/Philips Digital Interface Format—the consumer version of the AES/EBU 
standard. This standard was devised by the American Audio Engineering Society 
and the European Broadcasting Union to define the signal format, electrical char- 
acteristics and connectors to be used for digital interfaces between professional 


audio products.|Editor] 








кош processing and copying 
private musical work. The Editor an 


for its use that infringes any — 
copyright vested in commercia 


compar: discs and (digit | fes 


ing ofall data. A'l’ is coded asa whole square- 
wave period (T= 1/bitrate) and a “0” asa 
half square-wave period (T = 2/bitrate). 
Typical of this method is that at each and 
every bit edge a change ofleveltakes place. 
This means that a special phase-locked 
loop—PLL—circuit can derive a bitrate 
synchronous clock from the signal. At the 
same time, it is, of course, useful ifthe re- 
ceive circuit knows what each bit repre- 
sents. Is it a sub-code bit? And, if so, 
which? Or is it an audio bit? If so, isitan 
MSB, and LSB, or in between? To give an- 
swers to such questions, the biphase cod- 
ing protocol is suitably annotated at the 
first four bits of every 32-bit subframe. 

Figure 2 shows the format ofa subframe. 
Bits 0-3 form a preamble that may have 
one of three different forms : X, Y or Z— 
see Fig. З. An X-preambleis the beginning 
of subframe A and a Y-preamble the be- 
ginning of subframe B—see Fig. 4. Together, 
subframes A and B forma frame of which 
192 are contained in a block. The start of 
a block is marked by making subframe AO 
begin with a Z-preamble instead of the 
usual X-preamble, 

Bits 8-27 are 20 audio bits with the 
LSB as first bit. Bits 4-7 are either auxil- 
iary data such as speech or four addi- 
tional audio bits. Bit 28 is a validity bit that 
indicates whether the audio sample in the 
subframe is suitable for conversion to an 
analogue audio signal. Bit 31 is used as 
an even-parity check, that is, a simple 
error detection. Bits 29 and 30 are com- 
ponents of the subcode data. The sub- 
code is transmitted by one bit per frame 
in Channel Aas well as in Channel B. The 
192 bits transmitted in each block forma 
complete subcode block that is repeated 
every 192 frames. 

Bit 29 is used as user data block. It has 
no fixed definition and may be used freely 


Biphase-Mark Encoding 


emesmen (111114 


НИ: 


Data 


1 


Biphase-Mark 
Data 

(1 0:71 1:0 011 1:0 1:0 1: 

930098-11 


Fig. 1. Before their transmission, digital 
data are converted into a biphase format. 
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COPYBIT ELIMINATOR las 


Copy indication is a copybit monitor- 

BLOCKDIAGRAM ing function which drives two LEDs. The 
input LED is on if a set copybit is present 
in the input signal. The output LED is on 
MI ifa set copybit is present in the output sig- 

INPUT REGISTER nal. Normally, when the eliminator is op- 


SELECT i erating, the input LED is on and the out- 


put LED is off. 


The LED indications are only true during 
recording and it is, therefore, necessary 
to take the record indication line from the 
mother equipment and connect this to 
REC/P. The LEDs can light only when 

















OUTPUT 
SELECT 


V 
СОРҮ КЕС/Р is high. 

САО АП signals required for proper opera- 
i tion of the circuit pass via Кү: the umbil- 
= D1 : SPDIF INPUT COPYBIT ASSERTED / NOT ASSERTED ical cord to the mother equipment. 

02 ; SPDIF OUTPUT COPYBIT ASSERTED / NOT ASSERTED Circuit ICI 18 а GAL/PAL Type 16V8, while 





930098-16 
ІСә may for many readers be an unfamil- 


iar logic building block: Type MACH110 

from AMD. The MACHXXX is a new fam- 

Fig. 6. Block diagram of the copybit eliminator ily whose members function somewhere 

between a PALand an FPGA/ EPLD/gate 

array. The МАСН1 10 is roughly equiva- 

signal is assumed to be low and the copy- the PLLis locked. When signal ON OFFis lent to 3x a 22/10 GAL with an integral 
bit eliminator is then temporarily by- low, the S/PDIF signalis applied totheelim- separately programmable connection ma- 
























































passed. As soon as UNLK becomes high, | inator and filtering commences trix. 
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signal path in the block diagram in Fig. 6. 
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ing the active edges of the clock in the 
middle of the copybit and parity bit ofeach 
subframe 2A and 2B. In the prototype, no 
glitches were detected. Even ifthey had been, 
they would not have mattered much, be- 
cause the S/PDIF receive circuit reacts to 
the signal between two active FCK edges, 
since that is taken to be more stable. 

The SPDIFOUT signal from which the 
copybit has been eliminated is applied via 
the output selector to RXOU, from where 
it is passed directly to the S/PDIF input 
of a DCC or DAT recorder. 

Since there is no register in the entire 
S/PDIF path and the copybit eliminator 
board is built into the mother equipment 
(but see 'Building in' later on), there is no 
additional PLL required to derive the FCK 
signal. This arrangement saves a lot of 
circuitry. There is also no need for an ad- 
ditional power supply. because the power 
drain is so small that the mother equip- 
ment can supply it. 

Toguarantee sure starting ofthe receive 
PLL, an additional switch input has been 
provided: UNLK. This provides the RX PLL 
signal that is found in all equipment with 
an S/PDIF receive circuit. It indicates 
whether the PLL generates a bit rate syn- 
chronous clock. Ifthis is not so, the UNLK 


SUBFRAME 


IIIIIIIIIIIII 
|РВЕАМВЕЕ 2184 85 


SPDIFIN 


ох 
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Consumer Channel Status Block Structure 






block 

bit -» bit 
0 | 1 | 2 | § | 4 | 5 | 9 | 7 рар 
[PRO=0 | Audio | Copy | Етрһазө | Мое |7 
-„- Савву бов o ^ ^ [ t и 
| SourceNum | Channel Num. 23 








в | Clock Acc. Reserved |31 
39 
Reserved 
191 
930098-15 
Fig. 5. The significance of the bits in the data block. 
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Fig. 7. This extensive timing diagram clarifies the 
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COPYBIT ELIMINATOR 135 





Fig. 10. The PCB for the copybit eliminator is small enough to һе built into the mother equipment. 





ІСІ = 74НСТ86 
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Fig. 11. Auxiliary circuit for use with Туре ХО-2505 DAT recorder from JVC. 


Kı pin no. Signal in recorder 


Denon DTR-2000 


1 СК10128 
2 DUNLOK 
3 RX 
4 ERE 
5 p 
6 +5 У 
7 DGND 
JVC XD-Z505 
1 128L" 
2 ОМІОСК 
3 ЕХО 
3 RXI 
4 E 
4 RM 
5 +5 V (D) 
6 +5 У (D) 
7 G(D) 
JVC XD-Z1010 
1 128Е 
2 UNLK 
3 RX 
4 =e 
5 E 
6 5V(D) 
7 G (D) 
Sony ОТС 55ES 
& DTC 57ES 
1 Е128 
2 UNLK 
3 RX 
4 RX 
5 Q2» 
6 +5 У 
7 GND 
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IC/pin in recorder 


351/8 
351/93 
351/23 

305/6 

not known 

604/3 

604/2 


401/13 
401/62 
401/35 
401/34 
406/1 
406/13 
emitter Q21 
emitter Q21 
chassis 


501/5 
501/46 
501/51 
372/11 

not known 
03/3 
03/2 


307/58 
307/31 
307/52 
301/8 
309/8 
322/3 
chassis 


Remarks 


break track 


coaxial 
optical 
break track (coaxial) 
break track (optical) 


mount heat sink on IC 


break track 


break track 


mount heat sink on IC 


if апа О» are desired to be located 
away from the eliminator board. 


Most PLLs inan S/PDIF receive circuit 
generate a frequency that is twice or four 
times as high as the clock frequency. 
Fortunately, the generated frequency is scaled 
down synchronously, so it is always pos- 
sible to find a clock of 128f,. However, the 
S/PDIF-PLL of the JVC Type XD-Z505 
DAT recorder generates a clock of 384, 
which is scaled down by 3. Although this 
results ina clock of 128}, the leading edge 
of it is no longer at the centre (that is, the 
duty factor is not 50%). This is a small prob- 
lem, however, which is easily remedied by 
delaying the clock with the aid of four HC 
gates as shown in Fig. 11. 

Note that usually the warranty on the 
mother equipment is invalidated if any 
modification is carried out. It is for the 
constructor to decide whether the build- 
ing in of the eliminator is worth that or 
whether to wait until the warranty has 
expired. 


Parts list 


Resistors: 
В, Ry = 102 
Rg = 10 КО 
Ry, Rs = 2200 


Capacitors: 
С1-Сз = 100 nF 
C4 = 47 uF, 16 V, radial 


Semiconductors: 
D; = LED, 3 mm, red 
Dy = LED, З mm, green 


Integrated circuits: 

IC, = 16V8 (Ref. 6321, see р. 70) 

IC?  MACHI10 (Ref. 6321, see p. 70) 
ІСз = 74HCTO8 


Miscellaneous: 

К, = 10-way straight box header 
51 = switch with make contact 
PCB Ref. 930098 (see p. 70) 


Table 1. Connections between Ку and the 
relevant circuits in various mother equip- 
ment. 


ЕЙ AUDIO & HI-FI 


Fig. 8. All possible combinations of the 
copybit/parity bit part that may ocvcur in 
the SPDIFIN input signal and the result at 
Port output SPDIFOUT. 


The LEDs are controlled by the four 
gates of a 74HCTO8. 

The eliminator can be switched off with 
Sı, which connects ріп 13 оГІСҙ4 to +5 V. 
When the switch is open, Rg ensures that 
the eliminator is on automatically. 


Construction 


The eliminator is best built on the PCB in 
Fig. 10, which, together with the two pro- 
grammed ICs (IC; апас), is available ready 
made (see page 70). The MACHIIO is 
housed in a PLCC case. One ofthe four cor- 
ners of the IC is slightly flattened to show 
how the device should be located on the 
board. It should be mounted in a special 
socket to obviate any intricate soldering 
direct to the device. 

K, is a 10-pin box header, so that the 
circuit can be conveniently connected to 
the appropriate points in the recorder via 
a length of flatcable. 

Finally, if use of S; is not foreseen, this 
switch may be omitted. 


Building in 


The eliminator is intended to be built into 
the mother equipment, for example, a DAT 
recorder. The necessary connections are 
made with a length of flatcable: those for 
five of the more popular recorders are 
given in Table 1. The following signals 
should be applied to the pins of K as fol- 
lows: 


1. (FCR): 128, that is, 128x the sample 
frequency clock. If the eliminator does 
not function properly and all other con- 
nections are found to be all right, delay 
the ЕСК signal with the aid of a 150 O 
resistor or invert it. 

2. (UNLK): the PPL lock indication. This sig- 
nalmust below when the PLL is locked. 
If it is high, invert it or do not use the 
signal, in which case the pin should be 
linked to earth. 

3. (RXOU): break the relevant track on 
the board behind the coaxial or optical 
S/PDIF input buffer. Connect the part 
of the track from the input buffer to 
RXIN and the other part to RXOU. 

4. (RXIN): see instructions for pin 3. 

5. (REC/P): the record indication signal; 
this is high when the mother equip- 
ment is recording. 

6. (Мы): the +5 V supply line from the 
mother equipment. 

7. (GND): the digital earth of the mother 
equipment. 

8, 9, 10. These are the LED connections 


Fig. 9. Circuit diagram of the copybit elim- 
inator. 


CASE : 00 (A) 

INPUT: 

COPYBIT ASSERTED (-0) 
PARITYBIT UNEVEN (=0) 


ІІІ 
პინა“ рай 


SPDIFIN 


DEL 


i 
------- 
| | 
вршоит | 1 l | | 


OUTPUT: 
COPYBIT NOT ASS. (-1) 
PARITYBIT EVEN {=1) 


CASE : 10 (A) 

INPUT: 

COPYBIT NOT ASS. (=1) 
PARITYBIT UNEVEN (=0) 


prt 
:6 ი. 
SPDIFIN 


HI 
пг 


SPDIFOUT 


OUTPUT: 
COPYBIT NOT ASS. (=1) 
PARITYBIT UNEVEN (=0) 


CASE : 01 (A) 

INPUT: 

COPYBIT ASSERTED (-0) 
PARITYBIT EVEN (-1) 


(LI I I 
ს du 
SPDIFIN 


DEL 


----- 
| | 
SPDIFOUT | I ] | 


OUTPUT: 
COPYBIT NOT ASS. (21) 
PARITYBIT UNEVEN (=0) 


CASE : 11 (А) 
INPUT: 

COPYBIT NOT ASS. (=1) 
PARITYBIT EVEN (=1) 


ТТТ 
ГС Ру 
SPDIFIN 


HUL 
тг 


SPDIFOUT 


OUTPUT: 
COPYBIT NOT ASS. (=1) 
PARITYBIT EVEN (=1) 


CASE : 00 (В) 
INPUT: 

COPYBIT ASSERTED (-0) 
PARITYBIT UNEVEN (-0) 


III I I 
CE Ай 
SPDIFIN 


— 
H | 
SPDIFOUT | l | | | 


OUTPUT: 
COPYBIT NOT ASS. (=1) 
PARITYBIT EVEN (-1) 


CASE : 10 (B) 

INPUT: 

СОРҮВІТ NOT ASS. (21) 

PARITYBIT UNEVEN (-0) 
Eo d.d 
ср! 

SPDIFIN 


tut 


gap ease 

| | 

| | 
PCB | [ l | 
7 T 

i | 

Н : 

МСА 1 | 1 : 
SPDIFOUT | ] | | 


OUTPUT: 
COPYBIT NOT ASS. (=1) 
PARITYBIT UNEVEN (=0) 


CASE : 01 (B) 

INPUT: 

COPYBIT ASSERTED (=0) 
PARITYBIT EVEN (=1) 


ү. фе) 
:C Ру 
SPOIFIN 


DEL 


— 
H | 
SPDIFOUT | ] [ | 


OUTPUT: 
СОРҮВІТ NOT ASS. (21) 
PARITYBIT UNEVEN (-0) 


CASE : 11 (B) 
INPUT: 

СОРУВИ NOT ASS. (=1) 
PARITYBIT EVEN (21) 


II II I 
{сор 
SPDIFIN 


UUW 
+ILL 


SPDIFOUT 


OUTPUT: 
COPYBIT NOT ASS. (21) 
PARITYBIT EVEN (-1) 
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8 СОРҮІМ 
9 COPYOU 


10 LEDGND 
























ІСЗ = 74НСТ08 
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If you've tried this, you'll know what 
it's like using 8051 assembler. 


Admittedly, given enough time and effort, 


even the impossible can be accomplished. 
But can your project afford to wait? 


Keil C51 is very simple to use and yet yields 
the fastest and smallest code of any 8051 C 
compiler. With direct access to the 8051 cpu 
at a bit/register level in C, assembler 
programmers feel instantly at home. 


C51 Professional Developer's Kit Comprises: 


* Full ANSI C implementation for the 8051 
family 

* Near-assembler code efficiency 

* Function-level optimisation 

ж Extensions for 80С517/80С751 

ж Small/Compact/Large/Banked memory support 

ж DScopeSI-* cpu simulator/debugger 

* 451 macro assembler 

ж 8051 Real Time Executive 

* Support from official C51 User Group 

* Free 8051 C Programmer's Handbook 


То see how C51 takes the pain out of 8051 
programming, call now for our comprehensive 
information pack including demonstration 
versions of the compiler and debugger. 

Hitex (UK) Ltd 


(UK) Ltd. мех 
Warwick University 


Science Park р KEIL 
Coventry, CV4 7EZ ELEKTRONIK 


Œ 0203 692066, FAX 0203 692131 





ALL ITEMS 24 River Gardens, 
EX-STOCK. Purley, Reading. 
Ku Band ВС8 8BX. England. 
A Y Tel/Fax 0734-414468 
Installation & ; Mobile 0836-582785 
Repair საა. Рау by: UKE cheque, 


4th Edition. 
Footprints, dick Access, Mastercard, 


theory, cables, 
site survey, 
polar mount 
adjustment. 
£25. 
European 
Scrambling 
Systems, Circuits, Tactics & 
Techniques. By John McCormac, 
digital sound, smart cards, pirate 
decoders, for hackers. £32. 


World Satellite TV & Scrambling 

Methods. 2nd Edition, by Baylin, 

Madox & McCormac for the 

service engineer. 

Home Satellite TV Installation Videotape. 

Forty minutes VHS Pal. See how 3 metre 

dishes are installed. £27. 

Satellite Installation Guide. 3rd Edition. 

By John Breeds. £13. 

The Satellite Book. 2nd Edition. A complete 

guide to satellite TV . Theory and practice by 

John Breeds. ЕЗ1. 

World Satellite Almanac. 3rd Edition Бу Mark Long. 300 Footprints, 
Frequencies, Transponder Loading, Orbital Assignments. £69. 

World Satellite Annual. Update by Mark Long. £39. 

TVRO System Analysis and Aiming Software. 5.25 or 3.5 disk, (DOS 
3.2). Calculates dish size and lists coordinates of all satellites in view.£39. 

Satellite Toolbox Software, for ІВМ Comp. Hard Disk—5.25 or 3.5. £59. 

Wireless, Cable & SMATV, Microwave broadcasting & cable TV. £35. 
World Satellite Yearly by Dr. Baylin, Loading and 200 Footprints. £38. 
PRICES INCLUDE P. & P. UK. Airmail Europe add 10%. 

Outside Europe +20%. 


E(EPRON " IN HOLLAND 
PROGRAMMERS 


Program all current E(E)PROMs. Built-in power supply. No extra 
expansion card needed. Strong compact anodized aluminium 
housing. Connectable to any computer with an RS232 port. 
Any terminal emulator through ASCII command set. 
Menu-driven software for IBM-compatible, FFC format 
converter and updatable database. Manual: English, 
German, French (EPP 2 also Spanish). The EPP 2 is 
suitable for 8 Mbit devices although detailed 
= of such devices are not yet available. 


2. DEALERS WANTED 


UK customers contact Maplin 
other countries please contact European HQ Comdis 




























specifications EPP_IF EPP_2 

Memory size 1 Mbit 4 Mbit (8 Mbit) 

Baudrate 300 up to 19.200 300 up to 19.200 

Parity None, Odd, Even None, Odd, Even PRICES: 






Handshake None, RTS/CTS, XON/XOFF None, RTS/CTS, XON/XOFF 
Data format Motorola sif, s2f and s3f Motorola $11, s2f and s3f 





EPP_1F: UK £123,00 







Socket ZIF-28 

Power 4.5 VA 8 VA . 

Weight 0.630 kg 0.780 kg ЕРР_2 : UK £179,00 
Voltage 115 or 230 VAC 115 or 230 VAC 

Dimensions 175 x 103 x 65 mm 175 x 103 x 65 mm 





Why build one yourself if you can buy ‘ready-made’ at these prices? 

Prices do not include taxes. Delivery exworks. 

* Payment in advance on our Bank АВМ/АМКО, Eindhoven, The Netherlands, 
Accountnumber: 52.77.86.284. Swift Address: ABNANL 2A ABN/AMRO Amsterdam. 

* VISA Card, please add 6%. 

All payments must be accompanied by full name and address of customer, 

quantity and type of programmer. Delivery within 2 weeks upon receipt of payment. 









Comdis Nederland P.O. box 4945 Кес 
5604 СС Eindhoven The Netherlands VISA | 
Tel: +31(0)40-128217 Fax: +31 (0)40- 128271 Sey 


Computer Distribution, Services & Consultancy 
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FOR TIMELESS 
QUALITY VALVE SOUND — 
AT AN AFFORDABLE PRICE! 


Look out for the January and Febru 


for detailed instructions of ho 
superb amplifier yourself: ^ 














UK Readers: Electronics — The Maplin Magazine is available from Maplin Stores nationwide, WHSMITH, Martin the newsagent, R S McColl, 
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Rayleigh, Essex 556 BLR. Tel: (0702) 554161. Fax: (0702) 553935. UK subscription rate for 12 issues: £19.92. 
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PC - Telephone Voice 
Communication Cards 


Fax Modem Cards 

Voice Recognition Cards 

Voice Digitiser Cards 

TV/Video - PC Adaptor 

Video Grabber Cards 

Video/TV - PC - Video/TV Cards 
Sound Cards 


Cases 

Floppy Disk Drives 
Hard Disk Drives 

From 40MB to 2.1GB 
Keyboards 

Monitors 

Mother Boards 

Cache Controller Cards 
Network Cards 

Tape Back Up Units 
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AD/DA Cards 

Plus Accessories & Software 
C.P.U. Boards 

Device Programmers 
Digital I/O Cards 

| EEE 488 Cards 
Industrial Chassis 
Industrial Control Cards 
Interface Convertors 
Relay Output Cards 


RS 232 Cards 
Single, 2, 4, 8, 16, Port 


RS 422 Cards 
Single, 2, 4, 8, Port 
PC ROM Disk Cards 
Slot Extender Cards 


For further information, 
Product/Price List 
Call Us On: 





А = (0.05 + 7.236) / 2236 
=0.003258. 


Substituting this іп Eq. 101: 


і=0.003258(е 1357 .. е-9618г) 
+0.002е-3618 


Rearranging terms gives: 


і-0.003258е 1982 
—0.001258e 3618! 


[Eq. 103] 
This is the particular solution 
and Fig. 111 shows its graph. It 
shows that at t = 0 the current 
is 2 mA, as specified. The in- 
crease of current when 7 = 013400 
small to show on this graph. The 
tangenttothe curve atthis point 
would slope up to the right by 
only 3.69. This upward slope is 
almost instantly countered by 
therelatively strong damping ef- 
fects of capacitance and induc- 
tance. By the end of the third mil- 
lisecond, the current has been al- 
most entirely damped out. 
Figure 112 shows what hap- 
pens if we keep the first border 
condition unchanged, but have 
the current increasing at 2 А s71, 
instead of at only 0.005 А s-l. 
Substituting di/dt in Eq. 102: 


А =(2 + 7.236)/ 2236 20.004131. 
From Eq. 101: 


i-0.004131e 1382! 
—0.002131e 3618t 


We have another particular so- 
lution, matching the new bor- 
der conditions. Its graph (Fig. 112) 
shows current continuing to in- 
crease, to about 2.12 mA, before 
damping takes effect. From the 
equations we have established, 
ме сап calculate the current and 
the rate of change of current at 
any instant from £ = 0 onwards. 
With this information, we can 
go on to calculate the voltage 
across the components, and quan- 
tities such as the charge on the 
capacitor and the magnetic link- 
age of the inductor at any time. 


Specifying later current 


Border conditions need not be re- 
stricted to events occurring when 
t = 0. We can specify i or di/dt at 
any other instant after timing 
begins. It makes the equation 
slightly more complicated, be- 
cause there is no simplification 
ofthe equations due to the index 
ofebeing zero. Let ustry thesame 
circuit, with the same first bor- 


i (mA) 
244-- 1=0.002 






1 = 0.003258е ^ _0,001258е 
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— 36181 


2 3 t (ms) 


330010 - 13. 13 


Fig. 111 






i = 0.004131e 


713824 o02131e 3518 


2 З t(ms) 
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Fig. 112 










іш 0.003 
when t = 0.001 


when L=0 


i = 0.01314e 


198 0111497 318 


3 t (ms) 
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Fig. 113 


der condition, but the second 
border condition being that 
i = 0.008 when ¢ = 0.001. We are 
saying that the current increases 


to a definite value in a specified 
time. Since we have specified i, 
not di/dt, we go back to Eq. 101 
and proceed from there. Substitute 


the second border condition into 
this, which involves multiply- 
ing the indices by 0.001: 


0.003 = A(e-1382 _е-3.618) 
+0.002e7 818 


=0.2242A +5.3673x10 5 
A=0.01314 


Substituting the new value of A 
into Eq. 101: 


i=0.01314(e7138% _ 936181 ) 
%0.002е 3618 
=0.01314e7188 
—0.01114e-9618 


Yet another solution, with the 
graphshownin Fig. 113. Current 
increases even further before 
damping takes effect. 


Critical damping 


The curves we have seen so far 
represent overdamping ofthe cur- 
rent. Current is reduced to zero 
fairly promptly. The model can 
be used also to investigate the 
circuit behaviour when it is crit- 
ically damped. We reduce the 
capacitance slightly, to 1.6 ЦЕ, 
leaving R and L as before and, 
for comparison with Fig. 113, 
keep the same pair of border 
conditions. 

With the new value for C, f 
remains unchanged, but g be- 
comes 6.25х106, and: 


D = 50002 – 4х6.25х106 = 0. 
With a zero discriminant, the 
solution of the auxiliary equation 
is 


m = –// 2 =-5000/2 =-2500. 


The general solution takes а dif- 
ferent form (Eq. 98): 


{= Ae 7500. Bee 725008 
[Eq. 104] 
Substituting the first border con- 
dition into this: 
0.002 = A, 
Eq. 104 becomes: 


i = 0.002е-2500 + Bto-2500t. 


Now substitute i = 0.003 and 
t = 0.001 into this: 


0.003 = 0.002e~25 + 0.001Be-?5 
7 В = 34.55. 


The particular solution is: 
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PART 13 - SECOND-ORDER MODELS 


By Owen Bishop 


This series is intended to help you with the quantitative aspects of electronic design: 
predicting currents, voltage, waveforms, and other aspects of the behaviour of circuits. 
Our aim is to provide more than just a collection of rule-of-thumb formulas. 

We will explain the underlying electronic theory and, whenever 
appropriate, render some insights into the mathematics involved. 


Last month we examined ways 
of using first-order differential 
equations to build circuit mod- 
els. This month we extend the 
methods to include second-order 
equations. These allow us to model 
circuits of greater complexity, 
such as that in Fig. 110. 





930010-13-12 
Fig. 110 


This includes resistive, inductive 
and capacitive elements. By Kirch- 
hoff’s Voltage Law: 


MI, + MI) + MC =u. 


As ме did last month, we use 
lower-case letters for quantities 
which are inherently variable 
in time and capitals for constants. 
Substituting equivalent expres- 
sions for the voltages, based on 
Eq. 26 of Part 4, Ohm’s law, and 
Eq. 19 of Part 4: 
po pie =и 
dt C 
We will restrict the analysis to 
situationsin which и is constant, 
hence du/dt = 0. Then, differen- 
tiating both sides of this equa- 
tion: 
2 . · . 
кел аса 
di? ^ dt 

In differentiatingthethird term, 
useq - it, and therefore dg/dt =i. 
The term d?i/di? makes this a sec- 
ond-order equation. Divide through 


by L to make unity the coefficient 
of the first term: 
2 . x 

ძი R di, l ; 0 [Eq.94] 
di? Га LC 
Equation 94 models the circuit. 
]t now remains to solve it and 
substitute actual values of R, L 
and C. 





Auxiliary equation 


For an equation of the form of 
Eq. 94, in which R, L and C are 
constants, thereisan auxiliary 
equation of the form: 

m? + fm + g = 0, [Eq. 95] 
in which fis the coefficient of di/dt 
and g is the coefficient of i. In 
Eq. 94, f = R/L and в = VLC. 
Solving Eq. 95 (a straightfor- 
ward quadratic equation) for m 
is much easier than solving Eq. 94 
for i. With values of f and g sub- 
stituted in Eq. 95: 
რი... [Eq. 96] 

L LC 

This is solvable by applying the 
well-known quadratic formula 
which, when applied to Eq. 95, 
is: 


E -f5ifi-Ag 
E 2 


m 


The valueofthe expression f?— 4g 
(known as the discriminant, D) 
determinés what kind of solution 
the equation has: 
If D is positive, the equation 
has two real roots. 
If D is zero, the equation has 
two equal roots. 

If D is negative, the equation 
has two imaginary roots. 
IfD is positive, the two real roots 
are ту and то and the solution 

to Еа. 94 is: 


{= Ае"! +Ве”” [Еа. 97] 
If D is zero, the roots are both 
m and the solution to Eq. 94 is: 

i= Ae"! + Віе"! [Eq. 98] 


If D is negative, we calculate 
k = N (-D/2) and the solution is: 


i= Ae? cos kt Be sin kt 


[Eq. 99] 
АП three equations are general 
solutions (see Part 12) and have 
two arbitrary constants, А and 
B. Last month we had just one 
such constant and needed one 
border condition in order to find 
the particular solution. There are 
two constants, and we need two 
border conditions for second-order 
equations. 


Worked example 


Given R = 500 O, L = 100 mH and 
C-2yF:f- R/L-500/100x10-3 
25000; andg = 1/LC = 1/100x10-? 
х2х10-6 = 5x106. From these values 
of f and g: 


D = f – 4g = 50002-20х106 
= 5х106. 


This is positive, so the equation 
has two real solutions: 


_ -f+ 4D 

© 9 

_ -5000+2236 
ч 2 
=-1382 


тү 


_-/-ур 
77772 

_ -5000-2236 
> 2 
--3618 


m 


Substituting in Eq. 97: 
i-Ae 1382 + Ве-3618% 


[Eq. 100] 
This is the general solution. We 
can apply this to any set of bor- 
der conditions. We can imagine 
the voltage fluctuating, perhaps 
regularly, perhaps irregularly, 
causing a varying current in the 
circuit. Then, when ¢ = 0, the 
voltage is suddenly held con- 
stant (Eq. 94). The models tells 
what happens after that. For 
this example, suppose that the 
current is 2 mA wen timing be- 
gins, ori = 2х10-3 whent = 0. Also 
assume a second border condi- 
tion that the rate of change of cur- 
rent, di/dt, is 0.05 Аз-! when 
t = 0. With t equal to zero, e has 
zero index in both terms and so 
equals unity. Substituting the 
values for the first border con- 
dition in Eq. 100: 


2x10 = А + В 
2 B = 0.002 – A. 
Substitute this value for В іп 
Eq. 100: 
i= А(ег1882/ —e 9618t) 
4-0.002e 26184 


[Eq. 101] 
To incorporate the effect of the 
second border condition into the 
equation, we must first differ- 
entiate (see Part 5) Eq. 101 to ob- 
tain an equation for di/dt: 


di L A 1ვც2ც 1382 
dt 


+3618ც-3618/) _ 7 2360 73618 


[Eq. 102] 
If di/dt = 0.05 when Е = 0: 


0.05 = А(-1382 + 3618)-7.236. 
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Other tools available 


ES 


form as Equations 97 to 99. 

Hereis an example of an under- 
damped circuit with R = 1 kQ, 
С = 10 nF and L = 18 mH. 

ВС -1x105,sof - ИВС = 105 
and f? = МВС» = 1х108. 

LC = 1.8х10-10, so 4g = 4/LC 
= 2.222x1010, 

From these we find that 
р=-1.222х1010 and = 78166. 
The general equation is: 





u= Ae 000% 0578166: 
Ве-50000' sin 78166; 


Now for some border conditions. 
Whent=0,u=—1; whent=0.0001, 
и = —0.5. Using the first condi- 
tion, remembering that cos 0= 1 
and sin 0 = 0: 


-I-2A. 

For the second condition: 
—0.5 = —е-5 cos 7.8166 
+Be sin 7.8166 

.В=-14.22. 


The particular solution is: 


и--е790000 eos 781667 
—74.9де 50000 sin 78166t 


The graph of this is shown in 


8051 TOOLS 
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supported) IBM/PC based assembler and simulator. 


prices exclude VAT and delivery 


Micro AMPS Limited 
66 SMITHBROOK KILNS, 
CRANLEIGH, 
SURREY GU6 8/7, UK 
Tel: +44(0)483 268999 
Fax: +44(0)483 268397 


£225 


£495 


£125 











£49.95 


Fig. 117. It begins with a mas- 
sive ‘kick’ of up to –34 A. After 
a few swings of rapidly dimin- 
ishing amplitude, the current 
is fully damped out in about 
0.15 ms. 

These examples show what 
can be done when we make cer- 
tain simplifying assumptions 
about the model. If these as- 
sumptions are not valid, in par- 
ticular, if we can not assume 
that voltage or current is con- 
stant, the equations are more 








n ,- 50000t 
I--e 
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difficult to differentiate and pass 
beyond the scope of this series, 
However, there are ways around 
this difficulty, as will beexplained 
next month. 


Acknowledgment. The author 
would like to thank the Casio 
Computer Company Ltd for their 
valuable assistance. 


Test yourself 


1. Find the particular equation 


t (ms) 


when t = 0.0001 


- 500004 


cos 78166t—74.22e sin 78166t 


Fig. 117 
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03)924-9467 24 hours 


which models a series cir- 
cuit (Fig. 110) in which 
R = 1 KQ, L = 200 mH and 
С = 100 nF, given the border 
conditions that = —0.01 when 
t = 0, and i = 40.01 when 
t = 0.005. Is the circuit over- 
damped, critically damped or 
under-damped? Find the cur- 
rent when £ = 0.0008 s. 


2. In another series circuit, 
R = 5 КО, C = 22 uF and 
L=0.5 Н. Whent-20,i20.1 
and di/dt = 0.5. Find the par- 
ticular solution for this cir- 
cuit. Find the current when 
1= 0.5 ms and when! = 100 ms. 
How long does the current 
take to fall to 0.01 A? (Plot a 
graph or solve the equation 
of di/dt by taking natura! logs). 


Answers to 
Test yourself (Part 12) 


1. а= 9e-1. 4185 10-4. 
(а): и = 1.45 У 
(b): i = 74.9 uA. 


2. 0.857 s. 


3. 532 uA. 


42 GENERAL INTEREST 


1=0.002е-2500 + 34.554е-2500. 

[Ед 105] 

The graph іп Fig. 114 shows 

current rising toa peak at 5.9mA 

before being damped. The second 

border condition occurs on the 
way down. 


Under-damping 


This occurs when the discrim- 
nant has a negative value. For 
example, let us reduce the ca- 
pacitance drastically, to 10 nF. 
The fremains at 5000, but g be- 
comes 109 and D becomes 
—8.975x109. With a negative dis- 
criminant, we need to calculate 


k: 
k=; 3.975x10?/2 244581 


The general solution is given by 
Eq. 99: 


i= Ае72500соѕ 4458 И 
+ Ве-250% gin 44581 


[Eq. 106] 
Keeping to the same border con- 
ditions, applying the first con- 
dition to Eq. 106, and using the 
facts that cos 0 = 1 and sin 0 = 0: 


0.002 = Ае? + 0 
2. А = 0.002. 


Substituting this in Eq. 106, to- 
gether with the values for f and 
i under the second border con- 
dition: 


0.003=0.002е-2.5 cos 4.4581 


+886 2-5 sin 4.4581 
В=-0.03828 


This leads us to the particular 
solution: 


1=0.002е72500* cos 44581 
—0.03828e 7500 sin 44581 


The graph of this equation has 
an interesting form—Fig. 115. 
It shows the current reversin g 
many times with gradually de- 
creasing magnitude. Oscillations 
of this type are typical ofan under- 
damped circuit. The oscillations 
take about 1.5 ms to die away. 


Graphic calculator 


A graph is an important aid to 
visualizing the behaviour of a 
model, and hence the behaviour 
of the circuit it is modelling. But 
plotting graphs is a tedious mat- 
ter, particularly when equations 
contain several exponential terms. 
With over-dampled and critically- 







— 
i = 0.003 
when t = 0.001 







Ф. 
i = 0.002 
when L=0 






Fig. 









=0 


0.002 whent 


BL 


-20 


i = 0.002729 + 34556 2500 


2 3 t(ms) 


930010 - 13-16 


114 


| = 0.002е —2500! cos 445811 — 0.03828е -25001 511445814 


t [ms] ——> 


930010-Хи-20 


Fig. 115 





Fig. 


damped circuits, it is possible 
to sketch the shape of the graph 
roughly after calculating half a 
dozen points. But the oscilla- 
tionsof an under-damped circuit 
often need 30 or more points to 
produce a reasonably represen- 
tative curve. 

А computer graphics pack- 
age may save a lot of time: the 
illustrations to this article were 


930010-13-11 


116 


produced in this way. А graphic 
calculator produces results even 
more quickly. We used one when 
we were planning the values to 
use in the examples. To make 
graph plotting even quicker, pro- 
gram the calculator to accept 
variables, then to plotthe graph. 

Тһе following is an example 
of a short program used on a 
graphiccalculator to plot graphs 


of equations of the same type as 
Eq. 103:4EXPOT 7A"? 5A:;"MI*: 
?>C:“B”:? BM 2”:?->D:GRAPH 
Y=Ae—CX+Be—DX:. The program 
name is 'EXPOT. The user is 
requested to key in values for 
А, m, B and m». As soon as the 
final value has been keyed in, the 
graph is plotted according to the 
equation in the program. 

A program can also include 
commands to set the ranges oft 
and i for the displayed graph, 
so that the curve fills the screen 
reasonably well. If the range com- 
mand follows the input of vari- 
ables, one or more of these vari- 
ables can be used in the range 
commands. For example, the range 
for i can be set to run from –2 А 
to +2 A. It is also possible to in- 
clude inputs to set the range of 
t directly from the program. For 
those who like to play around 
with models, adjusting the values 
to produce the required results, 
agraphiccalculatorisa valuable 
tool. 


Parallel circuit 


Figure 116 shows a circuit with 
resistance, capacitance and in- 
ductancein parallel. Buildingthe 
model follows very much the same 
sequence as building the model 
of the series circuit. By KCL: 


ictigtipzi 


Replacingthe currents by equiv- 
alent expressions: 


[Eq. 107] 


The third term on the right is 
obtained by noting that L = N 9/i, 
as in Eq. 22, Part 5, where დ is 
the magnetic flux and N is the 
number of turns in the coil. 
Differentiating Eq. 107, and as- 
suming that i is constant: 
du 1 du u 
code pes 
di^ Еш L 
In obtaining the third term, 
do/dt = и / М (see Eq. 23, Part 5), 
so the term reduces to u/L. 
Dividing throughout by C gives 
the model equation: 
d?u _ 1 du i — 
d? RC dt LC 
[Eq. 108] 
The auxiliary equation is: 
m*+m/RC+1/LC=0 


in which f = ИАС and g = ИБС. 
With given values of R, C and 
L, the discriminant may be pos- 
itive, zero or negative, yielding 
equations for и having the same 
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Fig. 2. The LCVD module puts certain demands 
on the timing. Fig. 3. Timing diagram of the МС551 bus. 
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TEKTRONIX ; т SEPTIMA НАЧ. МЫ MARCONI 28.31 255 SWITC 5500 
Y from #350 


80C32 Single Board Controller წეს... „>....... 


RACAL:DANA 908.: SYNIHESISED SIGNA; 0I MI 84108 £500 


For instrument design, embedded d МИ ЕТТЕ ТЕГТІ 


GOULD MI sc VIII ES OS ios US Aa Os d. 
S < 1 1 E fure £125 ANRITSU - MESSKO М 
control, automation and educational. d НИ '”'. სას 
АЕ £1350 AVO- ӘККІ) HREAKDOWS LEAKAGE + IONISATION 


e Intel BASICS2 Interpreter. ме НЫ ба азад. jon! TESTER £500 


w Wr LANMA: I ШЕШЕ DATRON 10614 AJTOCAL МДП НЕ НОМА: УО, TMETER 


ө Battery, 5V regulator, 82С55А Port. um ele О d 


SOLARTRON SCHLUMBERGER (^ 1 DATRON 1071 AUTOCAL MULTI ELCPONAL VOLTMETER 7-6 


. HAS ჩ £250 А 
e Low Power CMOS design. т отым | onus. кб 


FARNELL ЯП t ELECTRONIC LOAD #450 


e Fully stuffed with 64KB RAM. SPECTRUM ANALYSERS GALLENKAMP I SERIES THERMOSTAT CYCLIC TIMER 


TEMPERATURE CYCIEING OVEN £750 


@ RS232C and RS485. HEWLETT PACKARD ^A dt MI £1250 MULTICORE SOLDERABIL TY TESTER £250 


HEWLETT PACKARD + ©. эки, : #3000 ROHDE + SCHWARZ ODM BN 36/11 DIGITAL `0 METER 


e Aux RS232C for software UART. MEMET TAAS ела ო he 5400 


HEWLETT PACKARD ~ გახია AM MKH, PHILLIPS 18/01 OMH ММО, GENERATOR £400 


. ' £3750 PHILLIPS. No; IME R COUNTER 16H? WIR IEEE £650 
Qc ს ек 1 
e Әсіп x 12cm size, Pann HEWLETT PACKARD = ა.ა LC. SOLARTRON/SCHLUMBERGER 1: 11 HLULENCY RI 
. EY 79] რავა I VI #5000 n " 
^ T Nu ШЕКЕ! 
ө System Diskettes к ესა” £2200 


SOLARTRON/SCHLUMBERGER 4241 ORION DATA LOGGING 
MARCONI ЕЗ ығып £1250 


e 48 ditigital I/O #8 2 S om MARCONI x 11780 MN "ET | 5750 


WAYNE KERR I" ім BRIDE 5800 


lin ac шай MISCELLANEOUS WAYNE KERR სა. PRECISION TS TANCI ASALYSER 
CS. a 1 £2500 


e Includes уы I HEWLETT PACKARD 000 001 o МОНА Iss WAYNE KERR «is DIS CSI COMPONENTS ANALYSER 
£1000 £2500 


application notes. HEWLETT PACKARD ' Қоса сл VIII WILTRON s LO ი ШИИ 


р ocu Man £1500 НВА МІРІ #350 


· H HEWLETT PACKARD клм, SILL e АРЫН WILTRON co SEMAR NE გიის АЗАР £900 
Vitek E nterprise . #1000 YOKOGAWA 71 ШЕТТЕТІП 1850 
к i HEWLETT PACKARD ssi £275 TES м 
Tampines South Р О. Вох 0490 HEWLETT PACKARD ე“ nd £400 ү ; a YI "HEN ' ლუი 
HEWLETT PACKARD ვ. 


Singapore 9152. ისრები აი кіз вак и, МК £4500 
Tel: 65-2913221 Fax: 65-7881373 


УМЕР #500 
































MANY MORE ITEMS AVAILABLE - SEND LARGE $.А.Е. FOR LIST OF EQUIPMENT 


ALL EQUIPMENT LISTED HERE IS USED, WITH 30 DAYS GUARANTEE 


Please check availability before ordering. Cartridge + VAT to be added to all goods 


8, Cavans Way, Binley Ind. Estate, Coventry. CV3 2SF 
{Premises situated close to Eastern Bypass in Coventry with casy access to М1. М6. M40, M42. M69. M45.) 


TELEPHONE 0203 - 650702 FAX 0203 - 650773 


MIGHTY SOFTWARE – უიგი — Ш 
MITEY PRICE £95inc var 88% 


Limited period offer SpiceAge for Windows 
SpiceAge is the upgradable program 1 
used by professional circuit designers 
that lets you "breadboard" even before 
you plug in your soldering iron. Level 1 
gives you quiescent DC voltages, სფერო 
frequency response curves and 'scope- | pom აა 
like traces of your circuit ideas. Test E 
new ideas and values without the risk 
of smoke! SpiceAge lets you tell it what 
to put in your circuit and how to Е 
connect ир. It has a "lab" full of "test N 
equipment" to let you inject signals and 
"probe" for voltages, currents, 
dissipations, dB gains, phase angle, 
group delay and power consumption. 
Send £5 for a demo kit (refundable on purchase) or simply phone for a friendly chat! 

Level 3 (professional base level) £395 + VAT, extra levels available at £150 each. It is published 


and supported by Those Engineers, specialists in circuit simulation software since 1982. 
Dept K2, THOSE ENGINEERS LTD, 31 Birkbeck Rd, Mill Hill, London NW7 4BP. Tel 081-906 0155, FAX 081-906 0969 
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ESR ELECTRONIC COMPONENTS 


Station Road, Cullercoats, А 
Tyne & Wear МЕЗ04РО Derr. EE 
Tel. 091 251 4363 Fax. 091 252 2296 


LINEAR ICs SOLDERING IRONS RF CONNECTORS 


САЗІТЕ £0.28 Antex Soldering ions BNC Solder Plug50R — £0.93 
CA324 £0.23 BNCSolderPlug75R — £0.96 
CA555 £0.22 BNC Crimp Plug50R £0.68 
CA741CE — £0.18 BNC Crimp Plug 75R (60.68 
СА747СЕ #039 BNC Solder Skt £1.08 
CA3046 £0.37 BNC Chassis Skt £0.80 
CA3080 £0.72 PL259 5 2mm £0.68 
CA3130 £0.98 PL259 11mm £0.62 
CA3130E — £0.98 RND UHF socket £0.68 
CA3140 £0.56 SQR UHF socket £0.45 
CA3240 £122 F Plug RG58 £0.30 
ICL7621 £1.70 F Plug 866 £0.27 
ICM7555 £0.43 N Plug RG8 £1.60 
ICM7556 £0.96 N Socket RG8 £1.40 
LM301A £0.25 BNC Crimp Pliers £15.50 


LM348N £0.31 PCB EQUIPMENT 


TRANSISTORS 


2M1613 £0.31 BC186 £0.33 80534 £0.47 
2N1711 £0.26 BC204C £0.72 BD535 £0.48 
2N1893 £0.29 BC206B £0.72 80536 £0.65 
2N2218A £0.28  8C207C £0.72 В0646 £0.52 
2N2219A £0.25 8С208 £0.72 BD648 £0.52 
2N2222A £0.16 8С209А £0.72 BD650 £0.53 
2N2646 £0.80 BC212 £0.08 | BD707 £0.42 
2N2904A £025 BC212L £0.08 80807 £0.80 
2N2905A £0.23 BC212LB £0.08 80X32 £1.78 
2N2907 £0.20 BC213 £0.08 BDX33C 40.46 
2N2926 £0.16 BC213LC £0.08 BDX34C 40.50 
2N3053 £0.27 BC214 £0.08 BDX53C £0.47 
2N3054 £0.90  BC2!4l £0.08 BDX54C 60.50 
2N3055 £0.62 BC2378 £0.09 BF180 £0.31 
2N3440 £0.50  BC238C £0.08 BF182 £0.31 
2N3702 £0.00  8C239C £010  BF185 £0.31 
2N3703 £010 BC251 £013 ВЕ194 £0.19 


74LS-Series 


741500 £0.14 
74L501 £0.14 
741502 £0.14 
741503 £0.14 
74L504 £0.14 
741.505 £0.14 
741508 £0.14 
74.509 £0.14 
74L510 £0.14 
7415107 £0.23 
7415109 £021 
741511 £0.17 
7415112 £0.21 
7415113 £0.21 
7ALS114 £0.21 
741512 £0.14 


4000 Series 


4000 £0.17 
4001 £0.21 
4002 £0.17 
4006 £0.32 
4007 £0.17 
4008 £0.31 
4009 £0.19 
4010 £0.23 
4011 £0.16 
4012 £0.16 
4013 £0.21 
4014 £0.30 
4015 £0.31 
4016 £0.18 
4017 £0.27 
4018 £0.27 
4019 £0.19 


£7.75 
£7.78 
£7.96 
£7.88 
£7.96 
£2.85 
£11.58 
£3.00 
£4.30 
£7.40 
£6.60 
£0.62 
£0.87 


CS 17Watt 

XS 25Watt 

STA STAND 

35Watt Gas Iron 
Desolder Pump 
Antistatic Pump 
225VVC 0 5Kg Solder 
18SWG 0 5Kg Solder 
1mm 3 yds Solder 
Desolder Braid 


LF351N £0.36 


7415122 £0.31 
7415123 £0.31 
7415125 £0.21 
7415126 — £021 
74LS13 £0.14 
7415132 £0.21 
7415133 £0.18 


2N3704 £010 
2N3705 £0.10 
2N3706 £0.10 
2М3771 £1.44 
2N3772 £1.51 
2N3773 £1.79 


4020 £0.31 
4021 £0.31 
4022 £0.32 
4023 £016 
4024 £021 
4025 £0.15 


BC252 
BC261B 
BC2628 
BC2678 
BC307 
BC308 


£0.13 
£0.24 
£0.24 
£0.30 
£0.10 
£0.10 


BF195 
BF244 
BF257 
BF259 
BF337 
BF355 


£0.19 
£0.35 
£0.33 
£0.33 
£0.36 
£0.38 


LF353 £0.41 
LM358N £0.27 
LM377 £2.57 
LM380N £112 
LM381 £2.70 
LM386 £0.48 


UV EXPOSURE UNIT 
PLASTIC DEVELOPING TRAY 


PHOTO RESIST AEROSOL SPRAY (100ml) 


FERRIC CHLORIDE CRYSTALS (0 5Ky) 


TIN PLATING POWDER (904) 
ETCH RESIST PEN 


£67.38 
£1.35 
£3.90 
£2.45 
£10.80 
£0.72 


2N3819 £0.40 
2N3820 £0.58 
2N3904 £0.10 
2N3905 £0.10 
2N3906 £0.10 
2N4036 £0.31 
2N5296 £0.57 
2N5321 £0.57 
2N6107 £0.60 
AC126 £0.30 
АС127 £0.30 
АС128 Е0.28 
АС187 (0.45 
АС188 Е0.37 
ACY17 £3.84 
Ар149 (1.67 
AD161 £0.92 
AD162 £0.92 
BC107 £0.14 
BC107B £0.15 
8C108 £0.13 
BC108A £0.14 
BC108C £0.14 
ВС109 £0.14 
BC109C £0.15 
8C114 £0.41 
ცC115 £0.41 
BC116 £0.41 
BC118 £0.41 
BC132 £0.36 
ВС134 £0.36 
ВС135 £0.36 
8C140 £0.25 
8C141 £0.27 
BC142 £0.31 
8C143 #0.34 
ВС149 £0.21 
BC154 £0.36 
BC157 £0.12 
BC159 £0.12 
BC160 £0.28 
BC170 £0.16 
ВС1708 £0.16 
8C171 £0.11 
ВС171В £0.16 
ҢС172 £0.13 
BC172B £0.13 
BC177 £0.18 
BC178 £0.18 

£0.17 

£0.08 

£0.08 

£0.08 

£0.08 

£0.08 

£0.08 

£0.08 

£0.08 


TRIACS 


201050А £0.42 
TIC206D £0.65 
TIC226D £0.73 
ВТА08 6008 £0.84 
TIC236D £0.96 
DIAC £0.20 


BC327 
BC328 
BC337 
BC338 
BC414C 
8C441 
8C461 
8C463 
ВС478 
ВС479 
BC490 
BC516 
ВС517 
BC527 
BC528 
BC537 
ВС546С 
BC547C 
BC548C 
ВС549С 
BC550C 
BC556A 
BC557C 
BC558C 
BC559C 
BC560B 
BC637 
BC638 
BC639 
BC640 
BCY70 
BCY71 
BCY72 
BD135 
BD136 
BD137 
BD138 
80139 
ც0140 
80150C 
BD165 
BD166 
BD187 
BD201 
BD202 
BD203 
BD204 
BD222 
BD225 
8D232 
8D237 
80238 
802408 
802438 
BD244A 
BD246 
BD441 
B0442 


£0.10 
£010 
£0.10 
£0.10 
£0.13 
£0.40 
£0.40 
£0.29 
£0.32 
£0.32 
£0.24 
£0.22 
£0.20 
£0.20 
£0.20 
£0.20 
£0.08 
£0.09 
£0.08 
£0.10 
£0.08 
£0.08 
£0.08 
£0.08 
£0.08 
£0.09 
£0.21 
£0.21 
£0.21 
£0.21 

£0.21 

£0.20 
£0.20 
£0.20 
£0.21 

£0.22 
£0.22 
£0.23 
£0.24 
£0,82 
£0.42 
£0.35 
£0.39 
£0.40 
£0.40 
£0.40 
£0.40 
£0.40 
£0.42 
£0.38 
£0.32 
£0.32 
£0.37 
£0.50 
£0.53 
£1.06 
£0.41 
£0.41 


THYRISTORS 


PO102AA £0.30 
TIC106D £0.40 
TIC116D £0.66 
TIC126D £0.77 


HARDWARE 


T2 Box 75 x 56 x 25mm £0.82 
ТЗ Box 75 x 51 x 25mm £0.82 
T4 Вох 111 х 57 x 22mm £0.98 
МВ1 Вох 79 x 61 x 40mm £1.44 
MB2Box 100x 76x 41mm £1.56 
МВЗ Вох 118 х 98 х 46mm £1.82 
M85 Вох 150 х 100 x 60mm £2.50 


BF423 
BF451 
BF459 
ВЕ469 
ВЕХ29 
BFX84 
BFX85 
BFYSO 
BFY51 
BFY52 
BS107 
BS170 
BSW66 
BU126 
BU205 
BU208A 
BU326A 
BU500 
805084 
80526 
BU806 
BUX84 
IRF540 
IRF740 
MJ11015 
MJ11016 
MJ2501 
MJ3001 
MJE340 
MJE350 
MPSA13 
MPSA42 
MRF475 
ТІР121 
ТІР122 
ТІР125 
ТІР127 
TIP132 
TIP137 
TIP142 
ТІР147 
ТІР2955 
ТІР29С 
TIP3055 
TIP30C 
TIP31C 
TIP32C 
TIP33C 
TIP41A 
TIP42C 
TIP47 
TIP48 
ТІР50 
VM10MM 
VN66AF 
ZTX300 
ZTX500 


£013 
£0.19 
£0.29 
£0.36 
£0.29 
£0.31 
£0.31 
£0.29 
£0.26 
£0.28 
£0.21 
£0.21 
£1.35 
£1.70 
£1.82 
£1.73 
£1.80 
£2.32 
£1.76 
£2.24 
£1.36 
£0.78 
£1.60 
£1.63 
£2.11 
£2.41 
£1.60 
£1.52 
£0.40 
£0.42 
£0.12 
£017 
£6.21 
£0.35 
£0.37 
£0.37 
£0.37 
£0 46 
£0.46 
£1.08 
£1.12 
£0.63 
£0.31 
£0.63 
£0.31 
£0.32 
£0.32 
£0.72 
£0.36 
£0.38 
£0.48 
£0.62 
£0.53 
£0.44 
£1.50 
£0.16 
£0.16 


(M387 £1.60 
LM392N £0.79 
LM393N £0.28 
LM748CN £0.31 
М1 458 Е0.26 
LM3900 £0.72 
LM3914 £2.70 
LM3915 £2.70 
MC3340 £1.60 
MC4558 £0.36 
NE531 £1.56 
NE556N £0.36 
NE567N £0.36 
NE5532 £0.80 
NE5534 £0.66 
TBA120S £0.77 
TBAB10S £0.68 
TBA820M 40.39 
TDA2030 £1.35 
TLO61 £0.35 
Т1062 £0.42 
TLOG4 £0.46 
TLO71CP £0.32 
TLO72CP £0.34 
TLO74CN £0.48 
1L081 £0.33 
TLO82CP £0.34 
TLO84CN £0.46 
UA733 £0.64 
ULN2004 £0.48 
2М4142 £1.04 
ZN425E £4.68 
ZN426E £2.61 
ZN427E £8.82 
ZN428E £6.12 
ZN435E £5.31 
ZN448E £7.92 


EPROMS & 
RAMS 
2716 £4.46 
2732 £4.84 
2764-25 £3.00 
27C64 25 («2.80 
21728-20 £3.69 
27С128 20 43.31 
27256 20 £3.15 
27С256.20 43.55 


4026 «0.59 
4027 Е0.18 
4028 — £0.22 
4029 10.36 
4030 60.17 
4031 #070 
4033 #056 
4034 — £124 
4035 — 20.31 
4040 0.29 
4041 — £0.31 
4042 £0.22 
4043 £0.28 
4044 £035 
4046 — £0.31 
4047 £0.25 
4048 — £0.31 
4049 60.20 
4050 40.20 
4051 £0.36 
4052 #025 
4053 Ғ0.25 
4054 £0.56 
4055 £0.34 
4060 КОЗ! 
4063 Ғ0.29 
4066 — £0.18 
4067 £191 
4068 4016 
4069 60.20 
4070 — £017 
4071 £0.20 
4072 £017 
4073 #017 
4075 #017 
4076 £0.30 
4077 £017 
4081 £0.14 
4082 «0.17 
4085 — £028 
4086 £0.26 
4089 #055 
4093 £0.18 
4094 #031 
4095 Ғ0.56 
4097 41.20 
4098 — £0.31 
4099 £0.38 
4502 £0.38 
4503 60.31 
4508 £0.90 
4510 (60.26 
4511 £0.32 
4512 6032 
4514 £0.77 
4515 — £0.98 
4516 — £03! 
4518 — £027 
4520 (60.26 
4521 £0.62 
4526 £0.40 
4527 £0.39 
4528 6040 
4529 — £0.44 
4532 £0.32 
4534 #248 
4536 — £1.00 
4538 £0.37 
4541 £0.33 
4543 (60.46 
4555 (60.34 
4556 (60.34 
4560 — £1.18 
4566 #196 
4572 — £0.25 
4584 #024 
4585 £0.32 
4724 £0.70 
40106 £0.31 
40109 £0.50 
40163 £0.46 
40174 £0.34 
40175 £0.36 : 22 


70 47 
40193 Ғ0.60 LM338K 100 


220 

OPTO DEVICES 470 
5mm Red LED 60.09 1000 
5mm Green LEO £010 2200 60:07, 7 

р 4700 £1.11 - 

5mm Yellow LED £0.10 
5mm Orange LED £0.10 ELECTROLYTIC AXIAL CAPACITORS 
3mm Red LED £0.08 
3mm Green LED £0.12 16V 25V 63V 100V — 450V 
3mm Yellow LEO £0.13 > + £0.15 
3mm Orange LED £0.13 2 £0.10 
5mm Flashing Red £0.50 Я 6016 
5mm Flashing Green £0.54 £012 
5mm Bi Colour £0.36 £017 
5mm Tri Colour £0.48 £0.20 
5mm Plastic Bezel £0.04 = 
3mm Plastic Bezel €0.05 
0 3” 7 Segment Display Red 
common anode 
common cathode 


7405136 £0.16 
7405138 £0.24 
7405139 £0.25 
741514 £0.18 
7415145 — £0.56 
7415147 £1.26 
7415148 £0.70 
741515 £0.14 
7415151 £0.25 
74L8153  f025 
7415154 £0.70 
7416155 £0.25 
7415156 10.36 
7415157 £025 
7416158 £0.25 
74LS160 £0.32 
7415161 £0.32 
7415162 £0.32 
7415163 £0.32 
7415164 #026 
7415165 £0.48 
7415170 £0.30 
7415173 £0.24 
7415174 £0.24 
7415175 £0.24 
7415190 £0.25 
7415191 £0.24 
7415192 £0.42 
7415193 £0.24 
7415195 £0.24 
7415196 £0.24 
7ALS197 £0.24 
741520 £0.16 
741521 £0.14 
741522 £0.14 
7415221 £0.36 
74LS240 £0.32 
7415241 £0.32 
7415242 £0.32 
7405243 £0.32 
7415244 £0.32 
7415245 £0.33 
74LS247 £0.32 
7415251 £0.24 
7415257 £0.24 
7415258 £0.24 
741526 £0.14 
7415266 £0.14 
741527 (0.14 
7415273 £0.32 
74LS279 £025 
741530 £0.14 
741.532 £0.14 
7415365 £0.21 
7415367 £0.21 
7415368 £0.21 
741537 £0.14 
7415373 £0.32 
7415374 “0.32 
74LS375 Ғ0.34 
74LS377 (0.32 
7415378 £0.62 
741538 £0.14 
7415390 £0.25 
7405393 £0.24 
7415395 £0.26 
7405399 £0.62 
74LS40 £0.14 
741542 £0.25 
741547 £0.42 
741551 £0.14 
74(5670 Ғ0.69 
741573 £0.17 
74L574 £0.19 
741575 £0.19 
741576 60.25 
741583 £0.31 
741585 £0.35 
741586 £0.20 
74LS90 £0.23 
741592 £0.35 
741593 £0.25 


£1.84 
BREADBOARD 
81mm x 60mm 
175mm x 42mm 
175mm x 67mm £5.56 
203mm x 75mm includes 
mounting plate & posts £7.36 
COPPER BOARD (G Fibre) 
100mm x 160mm 
110mm x 220mm B 24 
PHOTO RESIST BOARD 
(Paper) 
£0.67 


£1.24 


PCB POLISHING BLOCK 


STRIPBOARD 0:1 PITCH 
64mm x 25mm £0.27 
64mm x 95mm £0.90 
64mm x 431mm £3.22 
95mm x 127mm £1.50 
95mm x 95mm £1.10 
95mm x 431mm £4.80 
100mm x 160mm £1.60 
119mm x 454mm £6.20 


PHOTO RESIST BOARD 
(G. Fibre) 
£0.86 “ха” 


£1.62 
£2.09 £1.58 
£2.41 0 £4.63 


CAPACITORS SWITCHES 


Ceramic Mini Disc 100 & 63V 3amp 250v 6 4mm თ mounting 
1 OpF to 100nF SPST Toggle 
1pF 1ი6 0.06. 1n2 2n7 £0.07 SPDT Toggle 
303-417 £ 0.12 SPDT CO Tog 
10n & 12n £0.07 DPDT Toggle 
Polystyrene 160V 5% 47pF to 10nF DPDT CO Toggle 
47p.2n2 £0.09, 2n7-10n £0.12 DPDT CO Toggle 
(biased) 
D CONNECTORS DPDT CO Toggle 
Plug Socket (biased 1 way) 
£0.29 £0.30 ОРОТ mini shde 
£0.39 #039 Rotary Wafer ТР 12W. 26 6W. 
£0.81 £0.90 ЭР 4W. AP. ЗМ 
£0.40... «£0.49 Key Switch SPST 
£0.48 («0.50 : ЛӘ 
9 Way plastic cover £0.30 Ризһ1о make 
15 Way plastic cover £0.33 Push to break 
23 Way plastic cover £0.36 Latching Push Sar £0.63 
25 Way plastic cover £0.36 PCB Tact 6 x 6mm £0.25 


BRIDGE RESISTORS 


RECTIFIERS 0 25W 5% CF E12 Senes £0.60/100 
0 5W 5% CF £12 Series 20.95:100 
VV005 1.5А 50V 0.25VV 1% MF Е24 Series £1.72:100 
WO2 1 5A 200V POTS Log ог Lin 4708 1MO 25mm dia 0 25in 
BR32 ЗА 200V 


shaft £0.42 
8862 6A 200V PRESETS Enclosed Horz 
1004 10A 400V 


£3.06 
£3.74 


"x4" 
x6 
х8 


£0.58 
£0.60 
£0.64 
£0.68 
£0.76 


£1.20 


£1.20 


9 Pin £0.15 


15 Pin 


15PinHD £0.78 


£2.70 
£0.25 
£0.28 


or Vert 1008 1M0015VV 
PRESETS Skeleton Hore 
or Vert 100R 1MO0 1W £0.11 
ж PLEASE STATE VALUE REQUIRED ж 


COMPUTER ACCESSORIES 


£6.90 
£3.75 
£3.80 
£4.78 


£0.15 


£3.69 
£4.97 
£1.53 
£3.06 
£4.83 
£1.78 
£2.80 
£5.61 
£5.61 


27C512 

27C010 

6116 10 
6264.10 
62256 10 
4164 15 
41256.10 
511000 8 
514256.8 


DIL SOCKETS 


8 Pin £0.07 
14 Pin £0.11 
16 Pin £0.15 
18 Ри £0.15 
20 Pin £0.16 
24 Pin £0.19 
28 Pin £0.22 
40 Pin £0.25 


ELECTROLYTIC RADIAL CAPACITORS 


16V 25V 63V 100У 450у 85232 Jumper Box Male to Female 
7 - - £0.05 £0.07 RS232 Tester (7 LEDs) Male Female 


F 
4 
9 2 í 0. ; Data Switch Boxes 
7 
0 


Zener Diodes 2V7 33V 
BZY88400Mw £0.08 
ც7X85 1 3W £0.14 
1N4001 £0.06 
1N4002 £0.07 
1N4003 £0.07 
1N4004 £0.07 
1М4005 £0.07 
1N4006 £0.08 
134007 20.08 
135400 ғ0.09 
135401 £0.09 
1N5402 £0.09 
1N5404 £0.11 
1N5406 £0.11 
1N5407 £0.14 
1N5408 £0.15 
1M914 £0.06 
1М916 £0.06 
1N4148 £0.05 
8Y133 £0.13 
0447 £0.28 
OA90 £0.07 
0491 £0.10 
OA202 £0.27 
ВА157 £0.10 
ВА! 58 £0.10 
84159 

1M4149 

ОА200 


Parallel Printer Lead 2m 
85232 Lead (all pins) Male 
85232 Lead (all pins) Female 
Centronics 36 Way Lead Male 


Gender Changers 

9 Way D Mini Female to Female 
9 Way D Mini Male to Male 

25 Way D Mini Female to Female 
25 Way D Min Male to Male 

9 Way D Female to Female 

9 Way D Male to Male 

25 Way D Female to Female 

25 Way D Male to Male 


Adaptors 

9 Way Male to 25 Way Female 

25 Way Male to 9 Way Female 

25 Way D Male to 36 Way Centronic 
25 Way Null Modem Female Female 
25 Way Null Modem Male to Female 
25 Way Null Modem Male to Male 
RS232 Surge Protector Male Female 


Male 
Male 
Male 


£1.81 
£1.98 
£2.23 
£2.23 
£2.33 
£2.33 
£2.71 
€2.71 


£0.24 
£0.24 
£0.24 
£0.28 
£0.28 


£2.33 
£2.33 
£3.56 
£3.02 
£3.02 
£3.02 
£6.12 
£3.02 
£6.59 


Serial Switch Бох 2 Way AB. 
Serial Switch ხი» 3 Way A: B.C 
Serial Switch box 4 Way #,8,C.ჩ 
Serial Switch სი» Cross over 
Parallel box 2 Way A; B 
Parallel box 3 Way А'В,С 
Parallel box 4 МауА BC D 
Parallel box Cross over 


ORDERING INFORMATION 


All prices exclude VAT. 
Please add £1.25 carriage to all orders and VAT (17.5%). 


No minimum order charge. 
Free Computer listing with all orders over £5.00. 
Please send payment with your order. 


ს PO/Cheques made payable to И 
ESR Electronic Components VISA 


Access & Visa cards accepted 
Offical orders from schools & colleges welcome. 


CALLIN- OPEN: MON-FRI 8.30-5.00 SAT 10.00-5.00 


£9.20 
£13.16 
£15.15 
£19.69 
£11.84 
£17.11 
£18.43 
£20.42 


£0.05 
£0.05 
£0.06 
£0.06 
£0.09 
£0.15 
£0.22 
£0.37 


£0.05 
£0.05 
£0.06 
£0.09 
£0.12 
£0.19 
£0.29 - 


ENAMELLED 
COPPER 


WIRE 


АН 20z Reels 





14 SWG 
16 SWG 
18 SWG 
20 SWG 
22 SWG 
24 SWG 
26 5VVC 
28 SWG 
30 SWG 
32 SWG 
34 SWG 
36 SWG 
38 SWG 
40 SWG 


£0.63 


£0.19 
£0.22 
£0.34 
£0.48 
£1.06 
£1.33 
£2.46 





£114 
£114 
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AMSTRAD DMP4000 Entire printer assemblies including 
printhead, platen, cables, stepper motors etc. Everything bar the electron- 
ics and case. Good stripper!! Clearance price just £5 REF: MAGS or 2 
for £8 REF: MAG8 

VIEWDATA SYSTEMS Brandnew units made by TANDATA 
complete with 1200/75 built in modem, infra red remote controlled 
keyboard. BT approved, Prestel compatible, Centronice printer port, 
RGB colour and composite output (works with any TV) complete with 
power supply and fully cased. Price is just £20 REF: MAG20 Also 
some customer returned units available at £10 each REF: MAG10 
PPCMODEM CARDS. These are high spec plug in cards made 
for the Amstrad laptop computers. 2400 baud dial up unit complete 
with leads. Clearance price is £5 REF: МАС5Р1 

INFRARED REMOTE CONTROLLERS Originally madefor 
hi spec satellite equipment but perfect for all sorts of remote control 
projects. Our clearance price is just £2 REF: MAG2 

TOWERS INTERNATIONAL TRANSISTOR GUIDE. A 
very useful book for finding equivalent transistors, leadouts, specs 
etc. £20 REF: MAG20P1 

SINCLAIR СБ MOTORS We have a few left without gearboxes. 
These are 12v DC 3,300 rpm 6"x4", 1/4" OP shaft. £25 REF: MAG25 
UNIVERSAL SPEED CONTROLLER KIT Designed by us 
for the above motor but suitable for any 12v motor up to 30A. 
Complete with PCB etc. A heat sink may be required. £17.00 

REF: MAG17 

VIDEO SENDER UNIT. Transmits both audio and video signals 
from either a video camera, video recorder, TV or Computer etc to 
any standard TV setin a 100' range! (tune TV toa spare channel) 12v 
OC op. Priceis£15 REF: MAG15 12vpsuis£5 extra REF: MAGSP2 
“FM CORDLESS MICROPHONE Small hand held unit with a 
500' range! 2 transmit power levels. Reqs PP3 9v battery. Tuneable 
to any FM receiver. Price is £15. REF: MAG15P1 

LOW COST WALKIE TALKIES Pair of battery operated units 
with a range of about 200’. Ideal for garden use or as an educational 
toy. Price is £8 a pair REF: MAG 8Р1 2x PP3 req'd 
*MINATURE RADIO TRANSCEIVERS А pair of walkie 
talkies with a range of up to 2 kilometres in open country. Units 
measure 22x52x 155mm. Complete with cases and earpieces. 2xPP3 
req'd. £30.00 pair REF: MAG30. 

COMPOSITE VIDEO KIT. Converts composite video into 
separate H sync, V sync, and video. 12v DC operation. £8.00 
REF: МАСВР2. 

LQ3600 PRINTER ASSEMBLIES Made by Amstradthey are 
entire mechanical printer assemblies including printhead, stepper 
motors etc etc In fact everything bar the case and electronics, a good 
stripper £5 REF: MAGSP3 or 2 for £8 REF: MAG8P3 
PHILIPS LASER 2MW helium neon tube. Brand new full spec 
£40 REF: MAG4O. Mains power supply kit £20 REF: MAG20P2. 
Fully built and tested unit £75. REF: MAG 75. 

SPEAKER WIRE Brown two core, 100 foot hank £2 

REF: MAG2P1 

LED PACK of 100 standard red 5mm leds Е5 REF: МАС5Р4 
JUG KETTLE ELEMENTS good general purpose heating 
element (about 2kw) ideal for allsorts of heating projects etc. 2 for £3 
REF: MAG3 

UNIVERSAL PC POWER SUPPLY complete with flyleads, 
switch, fan etc. Two types available 150w at £15 REF:MAG15P2 
(23x23x23mm) and 200w at £20 REF: MAG20P3 (23x23x23mm) 
OZONE FRIENDLY LATEX 250mi bottle of liquid rubber, sets 
in 2 hours. Ideal for mounting PCB's, fixing wires etc £2 each REF: 
MAG2P2 

“FM TRANSMITTER housedina standard working 13A adapter!! 
the bug runs directly off the mains so lasts forever! why pay £700? or 
price is £26 REF: MAG26 Transmits to any FM radio. 

*FM BUG KIT New design with PCB embedded coil for extra 
Stability. Transmits to any FM radio. 9v battery req'd. £5 REF: 
МАС5Р5 

“FM BUG BUILT AND TESTED superior design to kit, as 
supplied to detective agencies etc. 9v battery req'd. £14 REF: 
MAG14 

TALKING COINBOX STRIPPER originally made to 

retail at £79 each, these units are designed to convert and ordinary 
phone into a payphone. The units we have generally have thelocks 
missingand sometimesbroken hinges. Howeverthey can be adapted 
for their original pupose or used for something else?? Price is just ЄЗ 
REF: MAG3P1 

100 WATT MOSFET PAIR Same spec ав 25К343 and 
28J413(8A,140v, 100w) 1 М channel and 1 P channel, £3 apair REF: 
MAG3P2 

VELCRO 1 metre tength of each side 20mm wide (quick way of 
fixing for temporary jobs etc) £2 REF: MAG2P3 

MAGNETIC AGITATORS Cosisting of a cased mains motor 
with lead. The motor has two magnets fixed to a rotor that spin round 
inside. There are also 2 plastic covered magnets supplied. Made for 
remotely stirringliquids! you may have a use? £3 each REF: MAG3P3 
2 for £5 REF: MAGSP6 

TOP QUALITY SPEAKERS Made for Hi FI televisions these 
are tOwatt4R Jap made 4" round with large shielded magnets. Good 
quality general purpose speaker. £2 each REF: MAG2P4 or 4 for£6 
REF: MAG6P2 

TWEETERS 2" diameter good quality tweeter 140R (would be 
good with the above speaker) 2 for £2 REF: МАС2Р5 or 4 for ЕЗ 
REF: MAG3P4 

AT KEYBOARDS Madeby Apricotthese quality keyboards need 
justa small modification to run on any AT, they work perfectly but you 
will have to put up with 1 or 2 foreign keycaps! Price £6 REF: 
MAG6P3 

XT KEYBOARDS Mixed types, some retums, some good, some 
foreign etc but all good for spares! Price is £2 each REF:MAG2P6 
or 4 for £6 REF: MAG6P4 

PC CASES Again mixed types so you take a chance next one off 
thepile£12 REF:MAG 12 or twoidentical onesfor£20 REF: MAG20P4 
component pack bargain 1,000 resistors +1,000 capacitors (all 
same value) £2.50 a pack. REF: MAG2P7 
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BULL'S 
BULLETIN BOARD 


MASSIVE 


WAREHOUSE CLEARANCE 
FANTASTIC £20.00 REDUCTION 















REFURBISHED PC BASE UNITS 
COMPLETE WITH KEYBOARD 


FROM ONLY £29. 00 


AMSTRAD 1512 BASE UNITS 
GUARANTEED 
PERFECT WORKING ORDER. 


A LOW COST INTRODUCTION TO THE HOME COMPUTER MARKET 










AMSTRAD 151250 
1512 BASE UNIT, 5.25" FLOPPY DRIVE AND 
KEYBOARD. АЦ YOU NEED 5 A MONITOR AND 
POWER SUPPLY. WAS £49.00 


NOW ONLY £29.00 
REF: MAG29 


AMSTRAD 1512DD 
1512 BASE UNIT AND KEYBOARD AND TWO 
5.25" 360K DRIVES . ALL YOU NEED I$ A MONITOR 
AND POWER SUPPLY WAS £59.00 

NOW ONLY £39.00 
REF: MAG39 


SOLAR POWER PANELS 


ЗЕТ X TFT TOWATT GLASS PANELS 
14.5v/700mA 

NOW AVAILABLE BY MAIL ORDER 

£33.95 


(PLUS $2.00 SPECIAL PACKAGING CHARGE) 
TOP QUALITY AMORPHOUS SILICON CELLS HAVE ALMOST А 
TIMELESS LIFESPAN WITH AN INFINITE NUMBER OF POSSIBLE 
APPLICATIONS, SOME OF WHICH MAY BE CAR BATTERY 
CHARGING, FOR USE ON BOATS OR CARAVANS, OR ANY- 
WHERE A PORTABLE 12V SUPPLY IS REQUIRED. REF: MAG34 














ALSO TFT X IFT GLASS SOLAR PANELS 12v 200mA 
ONLY £15.00. REF: MAG15P3 


FREE SOFTWARE! 


Brand new, UNUSED top quallty Famous brand 
licensed software discs. Available in 5.25" DSDD or 5.25' 
HD only. You buy the disk and it comes with free BRAND 
NEW UNUSED SOFTWARE. Weare actually selling you the 
floppy disc for yourown "MEGA CHEAP" storage facilltles, 
if you happen to get software that you want/need/like as 
you get a "MEGA BARGAIN‘ tol 

DSDD РКТ10 £2.99 REF: MAG3P7 РКТ100 £16.00 REF: MAG16 
HD РКТ10 £3.99 REF: MAG4P3 РКТ100 £26.00 REF: MAG26P1 
























LARGER QANTITY PRICES AVAILABLE ON APPLICATION 








£££££££WE BUY SURPLUS 6ТОСКЕКЕЕЕҒЕ 
TURN YOUR SURPLUS STOCK INTO CASH. 
IMMEDIATE SETTLEMENT. WE WILL ALSO QUOTE FOR 
COMPLETE FACTORY CLEARANCE. 
COMING SOON 


1994 CATALOGUE. 


PLEASE SEND 42Р, A4 SIZED SAE FOR YOUR FREE COPY. 
MINIMUM GOODS ORDER 4500 TRADE ORDERS FROM GOVERNMENT, SCHOOLS, 
UNIVERSITIES, & LOCAL AUTHORITIES WELCOME. ALL GOODS SUPPLIED SUBJECT TO 
OUR CONDITIONS OF SALE AND UNLESS OTHERWISE STATED GUARANTEED FOR 30 
DAYS RIGHTS RESERVED TO CHANGE PRICES & SPECIFICATIONS WITHOUT PRIOR 
NOTICE ORDERS SUBJECT TO STOCK. QUOTATIONS WILLINGLY GIVEN FOR QUANTI- 
‘TIES HIGHER THAN THOSE STATED 
































































































SOME OF OUR PRODUCTS MAY BE UNLICENSABLE IN THE UK 


COMMODORE MICRODRIVE SYSTEM тілі storage 
device for C64's 4 times faster than disc drives, 10 times faster uw, 
than tapes. Complete unit just £12 REF:MAG12P1 რითონტ4. 
SCHOOL STRIPPERS We have quite a few of the above” MI. ~ 
units which are ‘returns’ as they are quite comprehensive units 
they could be used for other projects etc. Let us know how many you 
need at just 50p a unit (minimum 10). 

HEADPHONES 15Р These are ex Virgin Atlantic. You сап һауе 
8 pairs for £2 REF: MAG2P8 

PROXIMITY SENSORS These are small PCB's with what look 
like a Source and sensor LED on one end and lots of components on 
the rest of the PCB. Complete with fly leads. Pack of 5£3 REF: МАС: 
3Р5 or20for £8 REF: МАСВР4 

FIBRE OPTIC CABLE Made for Hewlett Packard sopretty good 
stuff! you can have any length you want (min5m) first бт £7 REF: 
MAGT thereafter£1 ametre (ie 20m is£22). REF: MAG1 Maxlength 
250m. 

SNOOPERS EAR? Originall made to clip over the earpiece of 
telephone to amplify the sound-it also works quite well on the cable 
running along the wall! Price is £5 REF: MAGSP7 

DOS PACKS Microsoft version 3.3 or higher complete with all 
manuals or price just £5 REF: MAGSP8 Worth it just for the very 
comprehensive manual! 5.25" only. 

DOS PACK Microsoft version 5 Original software but no manuals 
hence only £3 REF: MAG3P6 5.25" only. 

FOREIGN DOS 3.3-Geman,French,italian etc £2 a pack with 
manual. 5.25" only. REF:MAG2PS 

MONO УСА MONITOR Made by Amstrad, refurbished £49 
REF:MAG49 

CTM644 COLOURMONITOR. Made toworkwith the CPC464 
home computer. Standard RGB input so will work with othermachines. 
Refurbished £59.00 REF:MAG59 

JUST A SMALL SELCTION ofwhatwehave-toseemore де! 
our 1994 catalogue (42p stamp) or call in Mon-Sat 9-5.30 

HAND HELD ТОМЕ DIALLERS Ideal for the control of the 
Response 200 and 400 machines. £5 REF:MAGSP9 

PIR DETECTOR Madebyfamous UK alarm manufacturerthese 
are hi spec, long range intemal units. 12v operation. Slight marks оп 
case and unboxed (although brand new) £8 REF: МАС8Р5 
WINDUP SOLAR POWERED RADIO AMM radio com- 
plete with hand charger and solar panel! £14 REF: MAG14P1 
COMMODORE 64 Customer returns but ok for spares etc £12 
REF: MAG12P2 Tested and working units are £69.00 REF: MAG69 
COMMODORE 64 TAPE DRIVES Customer returns at £4 
REF: MAG4P9 Fully tested and working units are£12 REF: MAG12P5 
COMPUTER TERMINALS complete with screen, keyboard 
and RS232 input/output. Ex equipment. Price is £27 REF: MAG27 
MAINS CABLES These are 2core standard black 2 metre mains 
cables fitted with a 13A plug on one end, cable the other. Ideal for 
projects, low cost manufacturing etc. Pack of 10for£3 REF: MAG3P8 
Pack of 100 £20 REF: MAG20P5 

SURFACE MOUNT STRIPPER Originally made as some 
form of high frequency amplifier (main chip is a TSA5511T 1.3GHz 
synthasiser ) but good stripper value, an excellent way to play with 
surface mount components £1.00 REF: MAG1P1. 
MICROWAVE TIMER Electronictimer with relay output suitable 
to make enlarger timer etc £4 REF: MAG4P4 

PLUG 420? showing your age? pack of 10 with leads for£2 REF: 
MAG2P 11 

MOBILE CAR PHONE £5.99 Weil almost! complete in car 
phone exduding the box of electronics normally hidden under seat. 
Can be made to iliuminate with 12v also has built in light sensor so 
display only illuminates when dark. Totally convincing! REF: MAG6P6 
ALARM BEACONS Zenon strobe made to mount on an extemal 
bell box but could be used for caravans etc. 12v operation. Just 
connect up and it flashes regularly) £5 REF: MAG5P11 

FIRE ALARM CONTROL PANEL High quality metal cased 
alarm panel 350x165x80mm. Comes with electronics but no informa- 
tion. £15 REF: MAG15P4 

SUPER SIZE HEATSINK Superb quality aluminium heatsink. 
365 x 183 x 61mm, 15 fins enamble high heat dissipation, No holes! 
£9.99 REF: MAG10P1P 

REMOTE CONTROL PCB These are receiver boards for 
garage door opening systems. You may have another use? £4 ea 
REF: MAG4P5 

LOPTX Line output transformers believed to be for hi res colour 
monitors but useful for getting high voltages from low ones! £2 each 
REF: MAG2P12 bumper pack of 10 for £12 REF: MAG12P3. 









































PORTABLE RADIATION DETECTOR 


£49.99 


A Hand held personal Gamma and X 
Ray detector. This unit contains two 
Geiger Tubes, has a 4 digit LCD dis- 
play with a Piezo speaker, giving an 
audio visual indication. The unit de- 
tects high energy electromagnetic 
quanta with an energy from30KeV to 
over 1.2M eV and a measuring range 
of 5-9999 UR/h or 10-99990 Nr/h. Sup- 
plled complete with handbook. 
REF: MAG50 
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Low cost data acquisition for IBM PCs & compatibles 





A unique range of low cost data acquisition products for IBM PCs and compatibles. Installed i 
seconds they simply plug directly into either the serial or parallel port. They are completely self | 
contained, require no external power supply and take up no expansion slots. 


Each device comes with an easy to use software package (PicoScope, PicoLog or both). C, Pascal 
and Basic drivers are supplied for those who want to develop their own software, as is a manual giving 
full details of the hardware and software. All software supplied on 3.5" disk. 


Ыр to 24kHz sampling rate from 
a386/33MHz machine ended or differential inputs 


0-5V Input range Resolution programmable 


BNC input connector allows | between 8 and 16 bits + sign 
use of standard scope probes +2.5V input range 


30V overload protection 5V reference output 
Parallel port connection Connects to serial port 
Includes PicoScope software Includes PicoLog software 


£49 it + sign ADC 


15K samples per second ‘Virtual instrument’ software 
0-2.5V Input range т package forthe ADC-10, ADC- 
Digital output m i-H-H-HH| 11and ADC-12. 

4 Storage oscilloscope with 


Parallel port connection | BA. | 1 | triggerandtimebase. Traces 


includes both PicoScope and EH. | “i М сап be printed and saved. 
PicoLog software Multiple meters on screen. Real 


11 Channel 10 bit ADC 5 ; time spectrum analysis. 


' ADC-12 Upto 18kHz sampling rate 
წ 0-5V Input range -+ one per day. Scale samples 


BNC input connector allows linearly, by equation or by table 
use of standard scope probes hf ‚ look-up. Graphical (against 


30V overload protection ү =>! time ог XY) andtext reports can 
Parallel port connection | be displayed, printed or 
Includes bothPicoScopeand # KCAT N exported. 

PicoLog software Advanced data Picologis also available forthe 


£8 5 i ADC-10: callfor details. 


0С-10 | ADC-11 5 


30 day no quibble 
money back policy 


Full 1 year guarantee 


1 year's free software 
upgrades 


Freetechnical support 
@ Freeusernewsletter 
© Same day dispatch 


> 


Chart recorder emulation 
Temperature measurement 
Pressure measurement 
Chromatography 
Automotive monitoring 
Medical research 


Educat | 
ШЕШШ Pico Technology Ltd. Broadway House, 149 -151 St Neots Road, Hardwick, Cambridge. CB37QJ. EE 
TEL: 0954-211716 FAX: 0954-211880 





ELEKTOR ELECTRONICS FEBRUARY 1994 


BUILDING YOUR OWN TOROID 
CORE INDUCTORS AND RF 
TRANSFORMERS 


lot of electronic construction projects 

intended for hobbyists and amateur 
radio operators call for inductors or radio 
frequency (RF) transformers wound on 
toroidal cores. A toroid is a doughnut 
shaped object, i.e. a short, flat cylinder 
(often with rounded edges) that has a 
hole in the centre (see Fig. 1). The 
toroidal shape is desirable for inductors 





940002 - 11 


Fig. 1. The toroid coil form. 


because it permits a relatively high in- 
ductance value with few turns of wire by 
virtue of the core’s permeability (и), 
and, perhaps most important, the geome- 
try of the core makes the coil self-shield- 
ing. That latter attribute makes the 
toroid inductor easier to use in practical 
RF circuits. Regular solenoid-wound 
cylindrical inductors have a magnetic 
field that goes outside the immediate 
vicinity of the windings, and can thus in- 
tersect nearby inductors and other ob- 
jects. Unintentional inductive coupling 
can cause a lot of serious problems in RF 
electronic circuits, so should be avoided 
wherever possible. The use of a toroidal 
shape factor, with its limited external 
magnetic field, makes it possible to 
mount the inductor close to other induc- 
tors (and other components) without too 
much undesired interaction. 


Materials used In toroidal 
cores 
Toroidal cores come in a variety of mate- 


rials that are usually grouped into two 
general classes: powdered iron and 





By Joseph J. Carr 


ferrites. These groups are further subdi- 
vided as discussed below. 


Powdered iron materials. 

The powdered iron cores come in two 
basic formulations: Carbonyl Irons and 
Hydrogen Reduced Irons. Тһе 
Carbonyl materials are well regarded for 
their temperature stability; they have 
relative permeability (u,) values that 
range from 1 to about 35. The Carbonyls 
offer very good 'Q' values to frequencies 
of 200 MHz. Carbonyls are used in high 
power applications, as well as in variable 
frequency oscillators and wherever tem- 
perature stability becomes important. 
However, note that no powdered iron ma- 
terial or ferrite is totally free of tempera- 
ture variation, so oscillators using these 
cores must be temperature compensated 
for proper operation. The Hydrogen 
Reduced iron devices offer relative per- 
meabilities up to 90, but are lower ‘Q’ 
than Carbonyl devices. They find their 
main usage in electromagnetic interfer- 
ence (EMI) filters. The powdered iron 
materials are the subject of Table 1. 


Ferrite materials. 

The name ‘ferrite’ implies that the mate- 
rial is iron-based, but that is not the 
case; ferrite materials are actually 
grouped into nickel-zinc and man- 
ganese-zinc types. The nickel-zinc ma- 
terial has a high volume resistivity and 
high Q over the range 0.50 to 100 MHz. 
The temperature stability is only moder- 
ate, however. The relative permeabilities 
of nickel-zine materials are found in the 
range 125 to 850. The manganese-zinc 
materials have higher relative perme- 
abilities than nickel-zinc, and are of the 
order of 850 to 5,000. Manganese-zinc 
materials offer high Q over the range 
1 kHz to 1 MHz. They have low volume 
resistivity and moderate saturation flux 
density. These materials are used in 
switching power supplies from 20 to 
100 KHz, and for EMI attenuation in the 
range 20 to 400 MHz. See Table 2 for ad- 
ditional information on ferrite materials. 


Toroid core nomenclature 


Although there are several different 
ways to designate toroidal cores, the one 
used by Amidon Associates [2216 East 
Gladwick, Dominguez Hills, CA, 90220, 


USA; 310-763-5770 (voice) or 310-763- 
2250 (fax)| is perhaps that most com- 
monly found in electronic hobbyist and 


Comments 


Material u, 


0 1 Used up to 200 MHz. 
Inductance varies with 
method of winding. 
Made of Carbonyl C. 
Similar to Mixture No. 
3 but is more stable, 
and has a higher vol- 
ume resistivity. 

Made of Carbonyl E. 
High O and good vol- 
ume resistivity over 
range of 1 to 30 MHz 
Made of Carbonyl HP. 
Very good stability 
and good Q over 
range of 50 kHz to 

500 kHz. 

Made of Carbonyl SF. 
Is similar to mixture 
no. 2, but has higher Q 
over range 20 to 

50 MHz. 

Type W powdered 
iron. Good Q and high 
stability from 40 to 
100 MHz. 

Made of a synthetic 
oxide material. Good 
Q but only moderate 
stability over the 
range 50 to 100 MHz. 
Made of Carbonyl 
GS6. Excellent stabil- 
ity and good Q over 
range 0.1 to 2 MHz. 
Recommended for AM 
ВСВ and VLF аррИса- 
tions. 

Carbonyl material sim- 
ilar to mixture no. 12, 
but has greater tem- 
perature stability but 
lower Q than no. 12. 
Made of Hydrogen 
Reduced Iron. Has 
very high permeabil- 
ity. Used in EMI filters 
and DC chokes. 





Table 1. Powdered iron core materials. 
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amateur radio published projects. 
Although the units of measure are the 
English system used in the USA, Canada 
and formerly in UK, rather than SI 
units, their use with respect to toroids 
seems widespread. The type number for 
any given core will consist of three ele- 
ments: xx-yy-zz. The ‘xx’ is a one or two 
letter designation of the general class of 
material, i.e. powdered iron (xx = “T’) or 
ferrite (xx = ТЕ”). The ‘yy’ is an rounded 
off approximation of the outside diame- 
ter ‘o.d. in Fig. 1) of the core in inches; 
'39'? indicates а 0.375-inch (9.53-mm) 
core, while ‘50’ indicates a 0.50-іпеһ 
(12.7-mm). The ‘zz’ indicates the type 
(mixture) of material. A mixture no. 2 
powdered iron core of 0.50 inch diameter 
would be listed as a T-50-2 core. The 
cores are colour coded to assist in identi- 
fication. 


Inductance of toroidal 
coils 


The inductance, L, of the toroidal core in- 
ductor is a function of the relative perme- 
ability of the core material, the number 
of turns, the inside diameter (i.d.) of the 
core, the outside diameter (o.d.) of the 
core, and the height (Л) — see Fig. 1, and 
can be approximated by: 
o.d. 


1-0.011684 1 № р, өзе (2) (H) III 
1.4. 


This equation is rarely used directly, 
however, because toroid manufacturers 
provide a parameter called the A, value 
which relates inductance per 100 or 
1,000 turns of wire. Tables 3 and 4 show 
the A, values of common ferrite and pow- 
dered iron cores, respectively. Table 5 
shows some of the other properties of 
powdered iron cores. 


Winding toroid inductors 


There are two basic ways to wind a 
toroidal core inductor: close spaced 
winding and distributed winding. In 
distributed winding toroidal inductors 
the turns of wire that are wound on the 
toroidal core are spaced evenly around 
the circumference of the core, with the 
exception of a gap of at least 30° between 
the ends (see Fig. 2a). The gap ensures 
that stray capacitance is kept to a mini- 
mum. The winding covers only 270° of 
the core circumference. In close winding 
toroids (Fig. 2b) the turns are made such 
that adjacent turns of wire touch each 
other, or nearly so. This practice raises 
the stray capacitance of the winding, 
which affects the resonant frequency, 
but can be done in many cases with little 
or no ill effect (especially where the ca- 
pacitance and resonant point shift are 
negligible). In general, close winding is 
used for inductors in narrow band tuned 
circuits, while distributed winding is 
used for broadband situations like con- 
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N-Z: Nickel-Zinc 
M-Z: Manganese-Zinc 


Remarks 


Material II, 


33 850 М-2. Used over 1 kHz 
to 1 MHz for loopstick 
antenna rods. Low vol- 
ume resistivity. 

N-Z. Medium wave in- 
ductors and wideband 
transformers to 50 MHz. 
High attenuation over 
30 to 400 MHz. High 
volume resistivity. 

N-Z. High Q over 0.2 
to 15 MHz. Moderate 
temperature stability. 
Used for wideband 
transformers to 

200 MHz. 

High Q over 15 to 

25 MHz. Low perme- 
ability and high vol- 
ume resistivity. 

N-Z. High Q operation 
over 10 to 80 MHz. 
Relatively high flux 
density and good tem- 
perature stability. 1$ 
similar to Type 63, but 
has lower volume re- 
sistivity. Used in wide- 
band transformers to 
200 MHz. 

N-Z. Excellent temper- 
ature stability and 
high О over 80 to 180 
MHz. High volume re- 
sistivity. 

High 0 to 0.50 MHz, 
but used in EMI filters 
from 0.50 to 50 MHz. 
Low volume resistivity. 
Used in pulse and 
wideband transform- 
ers from 1 kHz to 

1 MHz, and in EMI fil- 
ters from 0.50 to 20 
MHz. Low volume re- 
sistivity and low core 
losses. 

0.001 to 1 MHz. Used 
in wideband trans- 
formers and power 
converters, and in EMI 
and noise filters from 
0.5 to 50 MHz. 

1$ similar to Type 77 
above, but offers a 
higher volume resis- 
tivity, higher initial 
permeability, and 
higher flux saturation 
density. Used for 
power converters and 
in EMI/noisefilters 
from 0.50 to 50 MHz. 





Table 2. Ferrite materials. 


toroid core 


pue 


2 30° 
940002 - 12a 


toroid core 


peres 





Fig. 2. Toroid winding styles: a) distributed; 
b) close wound. 


ventional and BALUN RF transformers. 
The method of winding has a small effect 
on the final inductance of the coil. While 
this fact makes calculating the final in- 
ductance less predictable, it also pro- 
vides a means of final adjustment of 
actual inductance in the circuit as-built. 


Calculating the number of 
turns needed 


As in all inductors, the number of turns 
of wire determines the inductance of the 
finished coil. In powdered iron cores the 
A, rating of the core is used with fair con- 
fidence to predict the number of turns 
needed. 


For powdered iron cores: 


N - 1004(L/ Л) [2] 


Where: 
N is the number of turns; 
Lis the inductance required in micro- 
henrys (uH); 
A,is an attribute of the core material 
and size (uH/100 turns). 


Example 
Find the number of turns of wire re- 
quired to make a 6-иН inductance from a 
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Т-50-2 (red) powdered iron core (A, 249). 
N = 100 V(6uH/49) = 35 turns. 


For ferrite cores: 


N - 1000 (L1 A, ) [3] 
Where: 
L is the inductance required in millihen- 
rys (mH) 


A, is an attribute of the core material 
and size (mH/1000 turns) 


Example 

How many turns are needed to wind a 
200-иН inductor on a ferrite FT-50A-43 
core (Ау = 570 mH/1000 turns)? Note: 
200 uH = 0.2 mH. 


М = 1000 V(0.2/570) = 18.7 turns 


The number of turns calculation often 
comes out to a fraction of a turn. With 
the possible exception of 0.5 turns, the 
actual turns count should be rounded off 
to the nearest turn. It is possible to 
round off to the nearest half turn, but it 
is not as easy to implement in practice. 


Building the toroidal 
device 


The toroid core or transformer is usually 
wound with enamelled or formvar insu- 
lated wire. For low powered applications 
(receivers, variable frequency oscillators, 
etc.) the wire will usually be SWG22 
through SWG36 (with SWG26 being very 
common). For high power applications, 
such as transmitters and RF power am- 
plifiers, a heavier grade of wire is 
needed. For amateur high power applica- 
tions, SWG14 or SWG12 wire is usually 
specified, although wire as large as 
SWG6 has been used in some commercial 
applications. Again, the wire is enam- 
elled or formvar covered insulated wire. 

In the high power case it is likely that 
high voltages will exist. In high powered 
RF amplifiers, such as used by amateur 
radio operators in many countries, the 
potentials present across a 50-Q circuit 


Core type no. prefix: FT-yy-zz 


Core Material type 
size 61 63 


Table 3. Common ferrite core A, values. 


toroid 


winding 
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Fig. 3. Methods for fastening the wire on a 
toroid winding: a) glue spot; b) ‘tuck under’ 
method. 


can reach hundreds of volts. In those 
cases, it is common practice to wrap the 
core with a glass-based tape such as 
Scotch 27. 

High powered applications also re- 
quire a large area toroid, rather than the 
small toroids that are practical at lower 
power levels. Cores in the FT-150-zz to 
FT-240-zz, or T-130-zz to T-500-zz are 
typically used. In some high powered 
cases several identical toroids are 
stacked together, and wrapped with tape 
to increase the power handling capacity. 
This method is used quite commonly in 
RF power amplifier and antenna tuning 
unit projects. 


Binding the wires 


It sometimes happens that the wires 
making up the toroidal inductor or trans- 
former become loose. Some builders pre- 
fer to fasten the wire to the core using 
one of the two methods shown in Fig. 3. 
In Fig. 3a we see the use of a dab of glue, 
silicone adhesive, or the high voltage 





sealant Glyptol (sometimes used in tele- 
vision receiver high voltage circuits) to 
anchor the end of the wire to the toroid 
core. 

Other builders prefer the method 
shown in Fig. 3b. In this method, the 
end of the wire is looped underneath the 
first full turn and pulled taut. This 
method will effectively anchor the wire, 
but some say it creates an anomaly in the 
magnetic situation that may provoke in- 
teractions with nearby components. In 
my experience, that situation is not terri- 
bly likely, and I use the method regularly 
with no observed problems thus far. 

When the final coil is ready, and both 
the turns count and spacing are adjusted 
to yield the required inductance, the 
turns can be anchored and the coil placed 
in service. A final sealing method is to 
coat the coil with a thin layer of clear lac- 
quer, or ‘Q-dope’ (which product is in- 
tended by its manufacturer as an 
inductor sealant). 


Mounting the toroidal 
core device 


Toroids are sometimes a bit more diffi- 
cult to mount than solenoid wound coils, 
but the rules that one must follow are not 
as strict. The reason for loosening of the 
mounting rules is that the toroid, when 
built correctly, is essentially self-shield- 
ing so less attention (not NO attention!) 
may be paid to components surrounding 
the inductor. In the solenoid wound coil, 
for example, the distance between adja- 
cent coils and their orientation is impor- 
tant. Adjacent coils, unless well shielded, 
must be placed at right angles to each 
other to lessen the mutual coupling be- 
tween the coils. However, toroidal induc- 
tors can be closer together and either 
co-planar or adjacent planar with respect 
to each other. While some spacing must 
be maintained between toroidal cores 
(the winding and core manufacture not 
being perfect), the required average dis- 
tance can be less than for solenoid wound 
cores. 

Mechanical stability of the mounting 
is always a consideration for any coil (in- 
deed, any electronic component). For 
most benign environments, the core can 
be mounted directed to a printed circuit 
board (PCB) in the manner of Figs. 4a 
and 4b. In Fig. 4a, the toroidal inductor 
is mounted flat against the board; its 
leads are passed through holes in the 
board to solder pads underneath. The 
method of Fig. 4b places the toroid at 
right angles to the board, but still uses 
the leads soldered to copper pads on the 
PCB to anchor the coil. It is wise to use a 
small amount of RTV silicone sealant or 
glue to hold the coil to the board once it is 
found to work satisfactorily. 

If the environment is less benign with 
respect to vibration levels, a method sim- 
ilar to Fig. 4c may be employed. Here 
the toroid is fastened to the PCB with a 
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Fig. 4. a) flat mounting; b) on-end mounting; 
c) secured mounting (use nylon machine 
screws); d) mounting high power or high 
voltage toroidal inductors or transformers; e) 
suspending toroid inductors on a dowel; f) 
mounting method for a 'single turn primary' 
transformer in RF watt-meters ог VSWR 
meters. 
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set of nylon machine screw and nut hard- 
ware, and a nylon or fibre washer. In 
high powered antenna tuning units it is 
common to see an arrangement similar 
to Fig. 4d. In this configuration, several 
toroidal cores are individually wrapped 
in glass tape, and then the entire assem- 
bly is wrapped as a unit with the same 
tape. This assembly is mounted between 
two insulators such as plastics, ceramic, 
or fibreboard, which are held together as 
a 'sandwich' by a nylon bolt and hex nut. 

Figure 4e shows a method for sus- 
pending toroidal cores in a shielded en- 
closure. I have used this method to make 
five-element low pass filters (see inset) 
for use on my basement laboratory work- 
bench. The toroidal inductors аге 
mounted on a dowel which is made of 
some insulating material such as wood, 
plastic, plexiglass, Lexan or other syn- 
thetic material. If the dowel is sized cor- 
rectly, the inductors will be a tight slip 
fit, and need no further anchoring. 
Otherwise, a small amount of glue or 
RTV silicone sealant can serve to stabi- 
lize the position of the inductor. Care 
must be observed against force fitting, 
however, in order to avoid fracturing the 
toroid core. 

Some people use a pair of undersized 
rubber grommets over the dowel, one 
pressed against either side of the induc- 
tor (see inset to Fig. 4e). If the grommets 
are taut enough, no further action is 
needed. Otherwise, they can be glued to 
the rod. 

A related mounting method is used to 
make current transformers in home 
made RF power meters (Fig. 4f). In this 
case a rubber grommet is fitted into the 
centre of the toroid, and a small brass or 
copper rod is passed through the centre 
hole of the grommet. The metal rod 
serves as a one-turn primary winding. А 
sample of the RF current flowing in the 
metal rod is magnetically coupled to the 
secondary winding on the toroid, where it 
can be either fed to an oscilloscope for 
display, or rectified, filtered and dis- 
played on a d.c. current meter that is cal- 
ibrated in watts or VSWR units. 


Toroidal RF transformers 


Both narrow band tuned and broadband 
RF transformers can be accommodated 
by toroidal powdered iron and ferrite 
cores. The schematic symbols used for 
transformers are shown in Fig. 5. These 
symbols are largely interchangeable, and 
are all seen from time to time. In Fig. 5a 
the two winding are shown adjacent to 
each other, but the core is shown along 
only one of them. This method is used to 
keep the drawing simple and does not 
imply in any way that the core does not 
affect one of the windings. The core may 
be represented either by one or more 
straight lines, as shown, or by dotted 
lines. The method shown in Fig. 5b is 
like the conventional transformer repre- 
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Fig. 5. Transformer symbols. 


sentation in which the windings are jux- 
taposed opposite each other with the core 
between them. In Fig. 5c the core is ex- 
tended and the two windings are along 
one side of the core bars. 

In each of the transformer representa- 
tions of Fig. 5 there are dots shown on 
the windings. These dots tell us the 
‘sense’ of the winding, and represent the 
same end of the coils. Thus, the wires 
from two dotted ends are brought to the 
same location, and the two coils are 
wound in the same direction. Another 
way of looking at it is that if a third 
winding were used to excite the core from 
an RF source, the phase of the signals at 
the dot ends will be the same; the phase 
of the signal at the undotted ends will 
also be the same, but will be opposite 
that of the dotted ends. 

The windings of the toroidal trans- 
former can be spaced at different loca- 
tions around the circumference of the 
toroid when the device is narrow band, 
but for wideband operation a bifilar 
winding scheme is used (Fig. 6). In this 
type of winding scheme, the wires, A and 
B, are held closely parallel to each other 
as they are wound around the core. When 
the job is finished, ends Al and В1 will be 
at the same location, while A2 and B2 will 
be at another location on the toroid core. 





Fig. 6. Bifilar winding style. 
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Conventional transformers 


One of the principal uses of transformers 
in RF circuits is impedance transforma- 
tion. When the secondary winding of a 
transformer is connected to a load imped- 
ance, the impedance seen ‘looking into’ 
the primary will be a function of the load 
impedance and the turns ratio of the 
transformer (see Fig. 6a). The relation- 
ship is: 


(мм) = (7А) 14| 


With the relationship of Eq. [4] we can 
match source and load impedances in RF 
circuits. 


Example 

Assume that we have a 3 to 30 MHz tran- 
sistor RF amplifier with a base input im- 
pedance of 4 Q (Z), and that transistor 
amplifier has to be matched to a 50-Q 
source impedance (2), as shown in 
Fig. 7b. What turns ratio is needed to ef- 
fect the impedance match? Let’s calcu- 
late: 


M, / N, = 50/3) = 3.53:1. 


A general design гше for the value оҒіп- 
ductance used in transformers is that the 
inductive reactance at the lowest fre- 
quency must be four times the imped- 
ance connected to that winding. In the 
case of the 50-© primary of the trans- 
former above, then, the inductive reac- 
tance of the primary winding should be 
4x50 О, or 200 О. The inductance should 
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Fig. 7. a) generic transformer and load. 
Impedance seen looking into the primary is a 
function of the secondary impedance and the 
transformer turns ratio; b) Step-down 
impedance transformer coupling a 50 ohm 
input to an RF transistor. 





Core material type (mix) 
3 15 1 


Table 4. Common powdered iron A, values. 


be: 


_ 2000 10° 
2nF 


L 


2000 10° 


= 10.6 01H 
213.000.000 

Now that we know that a 10.6-uH induc- 
tance is needed, we can select a toroidal 
core and calculate the number of turns 
needed. The T-50-2 (red) core covers the 
correct frequency range, and is of a size 
that is congenial to easy construction. 
The T-50-2 (red) core has an A, value of 
49, so the number of turns required: 


М = 100 (10.6 uH / 49) = 47 turns. 


The number of turns in the secondary 
must be such that the 3.53:1 ratio is pre- 
served when 47 turns are used in the pri- 
mary: 


N, = 47 / 3.58 = 13.8 turns. 


If we wind the primary with 47 turns, 
and the secondary with 13 turns, then we 
will convert the 4-Q transistor base im- 
pedance to the 50-Q system’s impedance. 


Example 

A Beverage Wave antenna is constructed 
for the AM broadcast band (530- 
1700 KHz). By virtue of its construction 
and installation, it exhibits a character- 
istic impedance Z, of 600 O. What is the 
turns ratio required of a transformer at 
the feed end (Fig. 8) to match а 50-Q re- 
ceiver input impedance? 


(M,/ Ny) = 06000 / 500) = 3.46:1 


The secondary requires an inductive re- 
actance of 4x600 О, or 2,400 О. To obtain 
this inductive reactance at the lowest 
frequency of operation requires an induc- 
tance of: 


6 
L= 2,4009 10 259 
21530.000 


Checking a table of powdered iron toroid 
cores, it is found that the —15 (red/wht) 
mixture will operate over the 0.1 to 


2 





to 500 
RCVR 
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Fig. 8. Transformer coupling of 600-ohm 
Beverage antenna to a 50-ohm receiver 
input. 


2 MHz region. Selecting a T-106-15 
(red/wht) core gives us an Ау value of 
345. The number of turns required to cre- 
ate an inductance of 721 uH is: 


L = 100 \(721 / 345) = 145 turns 
The primary winding must have: 


№, = 145 / 3.46 = 42 turns. 


Winding the conventional 
transformer 


When the windings of the conventional 
transformer are equal, 1.е., where the 
turns ratio is 1:1, it is universal practice 
to wind the two coils in the bifilar man- 
ner discussed above (see Fig. 6). A spe- 
cial case of RF transformers called 
BALUN transformers (discussed below) 
uses this manner of winding exclusively. 
In cases where the windings are not 
equal, as is often the case in conventional 
transformers, there are three approaches 
to winding the coils. Figure 9a shows an 
RF transformer in which high impedance 
(high-Z) and low impedance (low-Z) 
windings are used. The two different 
styles of winding the coils are shown in 
Figs. 9b and 9c. The method shown in 
Fig. 9b keeps the primary and secondary 
separated on the core. This method is 
suitable for use in narrow bandwidth ap- 
plications, for example in the tuning cir- 
cuit of a radio receiver. The method in 
Fig. 9c intersperses the turns of the low- 
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Fig. 9. 
winding. 


Z winding over or among the windings of 
the high-Z winding. This method can be 
used for narrow band or relatively wide- 
band applications. But if the transformer 
must be truly wideband, the best wind- 
ing method is to wind the low-Z and 
high-Z coils in the bifilar manner as far 
as is needed to accommodate the low-Z 
winding. Starting from one point on the 
core, the wires are kept bifilar until the 
low-Z coil is completed, and then monofi- 
lar the rest of the way until the high-Z 
part is completed. 


Connecting the 
conventional transformer 
in the circuit 


A conventional RF transformer 
schematic symbol may have small dots, 
or some other device, to indicate the 
sense of the windings. They can also be 
used to determine the phasing of the sig- 
nal transmitted through the trans- 
former. In Fig. 10a the same ends of 
both windings are grounded, so the out- 
put signal is in phase with the input sig- 
nal. In Fig. 10b, on the other hand, the 
opposite ends of the two windings are 
grounded, so the output signal is 180 de- 
grees out of phase with the input signal. 


Autotransformers 


An autotransformer differs from con- 
ventional transformers in that there is 
only one winding, which is tapped to pro- 
vide the two impedance levels needed. 
Figure 11 shows the autotransformer in 
two different connection schemes. The 
connection scheme in Fig. 11a results in 
an in-phase output signal, while that of 
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a) two-winding RF transformer; b) separated windings; c) interleaved or bifilar 


Fig. 11b produces an out of phase signal 
across the load. 

Winding the autotransformer pro- 
ceeds along the same lines as for a 
straight coil, except that the two sections 
of the winding are broken at a point to 
create the tap. There are two schemes 
used in doing this job. In one method, the 
entire winding is one continuous piece of 
wire. A small loop is made at the tap, and 
made available to the rest of the circuit. 
The enameled insulation can be scrapped 
away and the wire tinned with solder. 
The other method, as shown in Fig. 12, 
breaks the two sections into two discrete 
windings, A-B and B-C. The connection 





No Phase Reversal 


(8 


Phase Reversal 
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Fig. 10. Transformer connections: a) no 
phase reversal; b) phase reversal. 
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Fig. 11. Autotransformer connections: a) no 
phase reversal; b) phase reversal. 


at the junction is soldered for electrical 
and mechanical integrity. It is very im- 
portant that the two windings maintain 
the same sense. The A-B winding and B- 
C windings must be wound in the same 
direction. The starting turns of both sec- 
tions in Fig. 12 start in the same direc- 
tion, as is needed to maintain the sense 
of the coils. 
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Fig. 12. the auto- 


transformer. 


Wiring detail for 


BALUNs, BAL-BALs and UN- 
UNs 


There is a special category of RF trans- 
former that are sometimes called trans- 
mission line transformers. These 
devices are available in several different 
configurations depending on the type of 
load at each winding and the impedance 
ratio. The balun transformer gets its 
name from BALanced-UNbalanced, 
which describes the relationship between 
the source and load types. In the balun, 
one load will be unbalanced with respect 
to ground (e.g. a coaxial cable from a 
standard 50-Q transmitter output), while 
the other will be balanced with respect to 
ground (e.g. a dipole antenna). Amateur 
radio operators and SWLs often use 1:1 
impedance ratio balun transformers at 
the feedpoint of dipole and other bal- 
anced antennas because it ensures that 
the pattern is a more nearly ideal bidi- 
rectional ‘figure-8’. Other common balun 
devices are available in 4:1 impedance 
ratios. These devices can be used to 
match the feedpoint impedances of high 
impedance antennas such as the G5RV, 
the folded dipole, or the long wire. 
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Books from Elektor Electronics (Publishing) 


The following books are currently available: 
£9-95 
59.95 

#10:95 

#12:95 

£14.95 

£ 9-95 

£10-95 
£9-95 

£10-95 
£10-95 
£10-95 


301 Circuits 

302 Circuits 

303 Circuits 

304 Circuits 

305 Circuitst 

SMT Projects 
Microprocessor Data Book 
Data Sheet Book 2 

Data Book 3: Peripheral Chips 
Data Book 4: Peripheral Chips 
Data Book 5: Application Notes 


$14.50 
$14.50 
$17.90 
$23.95 
$27.70 
$14.50 
$19.90 
$18.50 
$19.95 
$19.95 
$19.95 


page 71. 


The books may be obtained from bookshops*, Old Colony 
Sound Lab (USA and Canadian readers only—for address, 


Figure 13 shows the two most com- 
mon forms of voltage balun transformer. 
In the 1:1 impedance ratio version shown 
in Fig. 13a there are three bifilar wind- 
ings on the same core, while in the 4:1 
impedance ratio version of Fig. 13b 
there are two bifilar windings. In both 
cases, the sense of the windings are very 
important, and must be scrupulously ob- 
served. 


® 


unbalanced 











balanced 


+ 
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Fig. 13. а) 1:1 BALUN transformer; b) 4:1 
BALUN transformer. 


A pair of RF transformers are shown 
in Fig. 14. Although the transformer of 
Fig. 14a is usually called a 1:1 balun 
transformer in the literature, it is not 
technically in that category. Instead, it is 
an RF isolation transformer. It does 
serve the function of converting the bal- 
anced load to an unbalanced form that is 
compatible with the unbalanced input. 

The transformer shown in Fig. 14b is 
a bal-bal in that it has a balanced load at 
both ends. The impedance ratio of this 
transformer is 4:1. It can be used to con- 








Material type. ^ Colour code 


41 green 

3 grey 

15 red/white 
blue 
red 
yellow 
black 
green/white 
tan 
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Fig. 14. а) RF isolation ‘pseudo-BALUN’ 
transformer; b) 4:1 current BAL-BAL 
transformer. 


vert high impedance antenna feedpoints 
to a lower impedance while retaining the 
balanced feature. It is also occasionally 
used in RF power amplifier circuits. This 
circuit actually consists of two trans- 
formers connected together. 

The circuit shown in Fig. 15 is an un- 
un transformer, 1.е., it has an unbal- 
anced load at both ends. This device is 
actually a pair of 4:1 transformers in cas- 








see order form on p. 71) or direct from our Dorchester 
office (private customers only*) on the order form on 


* Orders other than from private customers, for instance, 
bookshops, schools, colleges, should be sent to 


Gazelle Book Services Ltd 


Falcon House 
Queen Square 
Lancaster LA1 1RN 
England 


Telephone (0524) 68765; Fax (0524) 63232 


Frequency (MHz) 


0.05 - 0.5 
0,1-2 
0,5-5 
1-30 
10-90 
60-150 
100 - 200 
150 - 300 


unbalanced 





16R 
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Fig. 15. 16:1 UN-UN RF transformer. 


cade, resulting in a 16:1 impedance ratio. 
One use for this transformer is to convert 
extremely low impedances to 50 О, as 
might be seen in RF power amplifiers or 
in vertical antennas in some installation 
situations. An example might be the 3 to 
4-Q base impedance in a bipolar transis- 
tor RF power amplifier circuit. In order 
to match the 50-O input impedance of the 
system, the 16:1 un-un transformer of 
Fig. 15 can be used. a 
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80C535 SINGLE-BOARD 
COMPUTER 
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Versatile and easy to build, the single-board 
computer described here is packed with 
goodies for the many microcontroller 





own symmetrical voltage converter. 

Apart from 32 KBytes of ROM and 
RAM, the board contains eight ana- 
logue signal inputs with a resolution of 








enthusiasts among you: ROM, RAM, a powerful 80C535 CPU, 
ИО ports, ап ADC and an 85232 interface, all оп an extremely 
compact board. The hardware is complemented by a monitor 
program in EPROM which allows you to use your PC to 
communicate with the 80C535. What’s more, a short 80C535 
programming course will be started next month. 


up to 10 bits. The ADC which reads 
the analogue signal levels is contained 
in the SAB80C535 microcontroller. 
The SAB80C535 from Siemens is an 
upgrade of the Intel 8051, to which it 
is fully software compatible. 
Consequently, those of you who have 
already done some 8051 programming 


Design by Dr. M. Ohsmann 


S you can see from the above pho- 

tograph, the printed circuit board 
designed for the 80C535 computer has 
been layed out with ‘connectivity’ in 
mind. All essential connections of the 
microcontroller are accessible via box- 
headers fitted at the edges of the 
board. The computer is ‘ready to go’ 
with the EMONS51 monitor EPROM 
(Ref. 1) fitted in the ROM socket, and 
і fully compatible with ап 
8051/80C32 programs. The 80C535 
computer has an on-board ‘RxD/TxD 
only’ RS232 interface, which is easily 
connected to a PC running a commu- 
nication program, or the V24 program 
downloader found on the 8051/8032 
assembler course diskette. The RS232 
interface on the present board has its 


can ‘upgrade’ to the 80C535 without 
problems. Note, however, that the 
80C535 has quite a few extra features 
with regard to the 8051. These fea- 





MAIN SPECIFICATIONS 


Hardware: 

® Compact board (115 x 68 mm) 

€ Powerful 806535 microcontroller 

® 32 KByte CMOS static RAM 

® 32 KByte EPROM 

® RS232 interface 

€ All CPU port and control lines accessible via connectors 
9 External on/off control for on-board EPROM and RAM 


Software: 

® Compatible with 8051 assembler EASM51 

€ Compatible with 8051 system monitor EMON51 
€ Capable of stand alone RS232 operation 

€ Assembler course follow-up 
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tures are the subject of a short course 
on 80C535 hardware and software to 
be started in next month’s issue of this 
magazine. 


Lots of port lines 


The circuit diagram of the 80C535 
computer, Fig. 1, is basically a stan- 
dard application of the 80C535 micro- 
controller. All port and control lines of 
the microcontroller, ICg, are taken out 
to pins on connectors К, through Ks. 
To avoid confusion between the pin 
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numbers and their actual positions, 
Fig. 2 shows the pin arrangement of a 
10-way boxheader as used on the 
board. 

The circuit is only suitable for the 
CMOS 5АВ80С535 microcontroller, 
not for the standard N-MOS version 
80535, which will be damaged Ъеуопа 
repair when fitted because it has dif- 
ferent functions for pins 4 and 37. 
Don't do it! 

The address latch is formed by IC4, 
a 74HC573, whose outputs supply the 
eight lower-order address bits AO 
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80С535 СОМРОТЕВ 


through А7, which аге externally ac- 
cessible via connector K. The read- 
only and read/write memory areas on 
the board are realized by a 32-KByte 
EPROM, ICs, and а 32-KByte CMOS 
RAM, IC), respectively. The address 
decoding may strike you as unusual. A 
simple address decoder based on a 
four-fold NAND Type 74HCOO is used 
to divide the memory into four seg- 
ments of 16 KByte each. Just like all 
processors in the 8051 series, the 
80C535 is capable of addressing 
64 KBytes of program memory (also 
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Fig. 1. Circuit diagram of the 80C535 computer. 
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Fig. 2. Pin locations on the 10-way boxhead- 
ers used to hook up extension circuits to the 
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40—700 


24046 


რ. 





Jl 


called ‘code’ memory) and 64 Kbytes of 
data memory (also called 'external 
memory’). Access to the code memory 
is signalled by a low level on the PSEN 
line, while access to the data memory 
is marked by either RD or WR going 
low. The combination of logic signals 
in IC? results in a physical address as- 
signment as given in Table 1. This 
particular memory division was cho- 
sen to allow the ЕМОМ51 system mon- 
itor EPROM (Ref. 1) to be used without 
problems. EMONSI expects RAM from 
address 4000н onwards. 

The RAM and EPROM ICs on the 
board may be disabled by applying a 


00000000 





Fig. 3a. Track layouts of the double-sided through-plated printed circuit board. 


low level to the DIS pin on connector 
K4. If this pin is not connected, the 
80C535 uses the on-board EPROM 
and RAM. The on/off control over the 
on-board memory is provided to enable 
the computer to be equipped with an 
external EEPROM, or a RAM with bat- 
tery back-up. Alternatively, this fea- 
ture may be used when controlling 
memory-mapped input/output de- 
vices. 

To make sure that the RS232 inter- 
face works with all PCs, the 80C535 
board contains the well-known 
MAX232 RS232 serial line driver/re- 
ceiver with an on-chip symmetrical 
voltage converter. 

The microcontroller operates at a 
clock of 12 MHz to make sure that it 
can run all time-critical programs con- 
tained in the 8051 assembler language 
course. 

Although the power-on RESET sig- 
nal furnished Бу Кә, R3 and Са will be 
perfectly adequate for many extension 
and application circuits connected to 
the 80C535 computer, there may be 
applications, such as systems with a 
battery-backup RAM, where the timing 
of the reset signal is unsuitable. In 
these cases, it is suggested to omit Cg 
апа Rs, and have the reset signal gen- 
erated by a special IC with a watchdog, 
for example, the MAX690. If used, the 
external reset controller is connected 
to pin 4 of K4. 


Jumpers 


The board contains four jumpers, 
whose function is discussed below. 
Jumper JP, allows the input of the 
serial interface contained in the 
80C535 to be connected to the output 
of driver ICs. Obviously, this jumper 
has to be fitted if you want to commu- 
nicate with the board via RS232 using 
the V24 program download utility on 
your PC. The jumper is omitted only if 
the board is connected to a computer 
or terminal which supplies TTL (0/5 V) 
signals, which are then fed directly to 
the P3.0 (RxD) input of the micro- 
processor. This line is also accessible 


Code memory access: 

0000H - 3FFFH EPROM 0000H - 3FFFH 
4000H - 7FFFH RAM 0000H - 3FFFH 
8000H - BFFFH EPROM 4000H - 7FFFH 
COOOH - FFFFH RAM 4000H - 7FFFH 





Data memory access: 
0000H-3FFFH | — 
4000H -7FFFH ВАМ 0000H - 3FFFH 
8000H-BFFFH | — 
CO00H - FFFFH НАМ 4000H - 7FFFH 





Table 1. EPROM/RAM memory division. 
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Fig. 4. SAB80C535 internal architecture (courtesy Siemens Components). 


Fig. 3b. Component mounting plan. 
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80C535 COMPUTER lea 


80C535 HIGHLIGHTS 
8051 software compatible 
256-byte RAM 
Three 16-bit timers 
Eight analogue inputs 
A-D converter with 8-bit resolution 
(10-bit via software) 
Baudrate generator for 4,800 or 9,600 
baud at 12 MHz clock 
Four 12-bit capture/compare registers 
12 interrupts with four priority levels 
Watchdog timer 
Two extra 8-bit ИО ports 
Power-down and idle modes 





via pin 3 of connector Кз. 

The ADC contained in the 80C535 
must be provided with a reference volt- 
age, for which the VAREF and VAGND 
pins are available on the processor. If 
jumpers JP; and JP, are fitted, the ref 
erence is formed by the 5-V supply 
voltage, which will be sufficiently accu- 
rate for most simple applications. For 
measurements that require ‘the last 
bit of digital precision’ to be squeezed 
out it is recommended to use an exter- 
nal reference source. If this is used, 
omit jumpers УР. and JP4, and con- 
nect the external reference to pins 7 
and 9 on connector Кд. As a matter of 
course, stay within the limits specified 


COMPONENTS LIST 


Resistors: 
R1;R2 = 10kQ 
АЗ = 1kQ 


Capacitors: 

C1-C5 = ТОНЕ 16V radial 
C6;C7 = 22pF 

C8 = ТИЕ 10V radial 

C9 = 10uF 10V radial 
C10-C14 = 100nF 


Semiconductors: 
ІСТ = 62256-10 
IC2 = 74НС00 


ІСЗ = 27C256 (EMON51 EPROM, order: 
code 1661; see page 70) 

ІС4 = 74HC573 

1С5 = MAX232N (Maxim Inc.) 

1С6 = SAB80C535 (Siemens 
Components) 


Miscellaneous: 

КТ «.20-way boxheader 

K2-K8 = 10-way boxheader 

$1.2 press-key, make contact — 

X1 = 12МН2 quartz crystal 

Printed circuit board 924046 (see page 
70) 
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Jumper Jumper fitted Jumper not fitted 

JP1 V24 to 80C535 RxD external TTL RxD signal via K3 pin 3 
JP2 Powerdown enabled external, HIGH: Powerdown not allowed 
JP3 VAREF to +5V external reference via КЗ pin 7 

JP4 VAGND to GND external analogue ground via K3 pin 9 





Table 2. Jumper functions. 


80C535N 


D9 (D25) 
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Fig. 5. Serial interface connection to the PC's RS232 port. 
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Fig. 6. Eight analogue voltages connected to the computer's analogue inputs, PO through P7. 
Turn the pots to check out the operation of the test program given in Fig. 7. 








for the external reference voltage. 
VAREF, for instance, must be within 
596 of the supply voltage, while VAGND 
may not deviate more than 0.2 V from 
the ground potential. Also, the ana- 
logue input signal levels may not ex- 
ceed the limits set by VAGND and 
VAREF by more than 0.2 V. This ге- 
striction is necessary to avoid exces- 
sive currents flowing in the input 
lines. In most cases, VAGND is best 
connected to the analogue ground of 
the external equipment, which is con- 
nected to the digital ground at a suit- 
able point. VAREF is connected to the 
positive terminal of the external volt- 
age source used. 

Jumper JP», finally, controls the 
power-down and idle modes of the mi- 
crocontroller. If ЈР» is fitted, the PE 
input of the 80С535 is held low, which 
means that the power-down and idle 
modes may be controlled via software. 
This feature is effectively disabled if 
JP% is not fitted. Disabling the software 
power-down and idle modes may be re- 
quired in no-break systems where the 
clock and timer must run at all times. 

The jumper functions are summa- 
rized in Table 2. 


Construction 


The artwork for the printed circuit 
board is given in Fig. 3. The board is 
double-sided, through-plated, апа 
available ready-made through the 
Readers Services. As you can see from 
the component overlay, the board is 
pretty densely populated, so take your 
time fitting the components, and sol- 
der very accurately using a low-power 
solder iron with a fine tip. It is recom- 
mended to use good quality IC sockets. 

If it is intended to fit the controller 
board on to another board, the box- 
headers may be replaced by double- 
row pinheaders fitted at the solder 
side. 

As already mentioned, Cg and К» 
must be omitted if an external reset 
controller is used. 


Compatible! 


You can start working with the 
80C535 board straight away if you 
have the ЕМОМ51 monitor EPROM fit- 
ted in position IC3. The link with the 
RS232 port on the PC is shown 
schematically in Fig. 5. The pin num- 
bers in brackets refer to a 25-way sub- 
D connector. All jumpers are fitted on 
the 80C535 computer board. 

First start V24 on the PC, then 
apply power to the 80C535 board. The 
system monitor should report with the 
welcome message on the PC after 
pressing reset key 51. If not, you have 
a faultfinding session ahead of you. 
Pin 50 of the 80C535 should supply a 
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clean ALE pulse, which сап be verified 
with the aid of an oscilloscope. If you 
do not see a stable rectangular wave 
signal with TTL swing, the problem is 
most likely caused by a faulty or other- 
wise unsuitable quartz crystal. 
Exchange the crystal and try again. 

Next, check all address and data 
lines for signals which do not have a 
TTL swing. If such a signal is found, or 
a more or less stable level of 2.5 V with 
respect to ground, you are probably 
faced with a pair of data or address 
lines which are short-circuited by ex- 
cess solder. 

If the monitor reports okay on the 
PC, you may download a chunk of ob- 


****** EASM52 ASSEMBLER LISTING (853501) ****** 

LINE LOC OBJ m SOURCE 

0000 ; 8-сһаппе1 A-D converter via V24 
2 0000 ; 

0000 1 
0000 ; 
0000 АСС ხის 0ЕОН 
0000 DPL EQU 082H 
0000 DPH EQU 083H 
0000 ADCON EQU OD8H 
0000 ADDAT ხის OD9H 
0000 DAPR EQU ODAH 
0000 ; 
0000 } Calibration constants 
0000 pl EQU 5000 ; counter for calibration factor 
0000 ql EQU 256 ; nominator of calibration factor 
0000 ; 
0000 ; 
0000 ; 
0000 ORG 050H 
0050 ADval 2 
0052 р 2 
0054 а 2 

0056 PROD32 4 

2 


define 80535 SFRs 


define internal RAM 


; start address in internal RAM 
; 16 Bit measured AD_value 
p=pl : multiplier (16 bit value) 
; q=ql : divisor (16 bit value) 
; product ADval*p (32 bit value) 


005А Uval 

005C ; 

005C 4100H 

4100 MAIN DPTR, #TXTO 
4103 STXT 

4105 MLP COMMAND, #ccGETC 
4108 MON 

410B ANL A,#7 

410D ORL А,%00010000В 
410F MOV ADCON,A 

4111 MOV РАРЕ, #0 

4114 JB ADCON.4,BSY 
4117 MOV A,ADDAT 

4119 MOV ADval+0,A 

411B MOV Аруа1+1,#0 

411Е OUTPUT МОУ DPTR, #р1 

4121 MOV p+0,DPL 

4124 MOV р+1,ОРН 

4127 M0V RO,#p 

4129 MOV R1,#ADval 

412B MOV COMMAND , £CCMUL 
412E LCALL MON 

4131 MOV PROD32+0, @RO 
4133 INC RO 

4134 MOV PROD32+1,@RO 
4136 INC RO 

4137 MOV PROD32+2,@RO 
4139 INC RO 

413A MOV PROD32+3, @RO 
413C MOV DPTR, #41 

413F Mov q*0,DPL 

4142 MOV q*1,DPH 

4145 MOV RO, #PROD32 
4147 MOV R1,#q 

4149 MOV COMMAND , #ecDIV 
414С LCALL MON 

414L M0V Оуа1+0,#@к0 
4151 ІМС #0 

4152 MOV Uval+1,@RO 
4154 MOV DPTR, #TXT1 
4157 ACALL STXT 

4159 MOV RO, #Uval 

415B 
415E 
4161 
4164 
4166 
4169 


LCALL MON 
MOV DPTR, #TXT2 
ACALL  STXT 
LJMP MLP 
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4169 DB 13,10,'80C535 PROGRAM 


; result in mV-ADval*5000/256 (16 bit value) 


; program starts at 4100H 
; start report 

; transmit 

; wait for ASCII Character 


; extract channel number 

; set start ADC bit 

; set AD control 

; Start AD conversion from 0 to 5 Volt 
: wait until ready 

; fetch result 

; store as 16 bit number 


; do output now 
; р:=р1 (16 bit value) 


; compute ADval*p 


; save to PROD32 (32 bit value) 


; compute (ADval*p)/q 


(16 bit value) 


; store to Uval 


; transmit text 


MOV COMMAND, #ccdRO16; 


output Uval in mV decimal 


; transmit text 


#1 /,13,10,0 


ject code. for instance, one of the ex- 
ample programs contained on the 
8051 assembler course diskette. In the 
unlikely event of errors occurring, 
these are probably caused by a faulty 
RAM, IC}. 

АП programming features of the 
80С535 are supported by the 8051 as- 
sembler. EASM51, provided the ‘new’ 
special function registers of the 
80C535 are properly defined using ap- 
propriate EQU statements in the as- 
sembler code. 


A test application 


The program listed in Fig. 7 enables 
eight analogue voltages to be mea- 
sured via the RS232 link with the PC. 
The desired channel number (between 
О and 7) is transmitted to the 80C535 
board via the V24 utility (at 4,800 
baud). The board returns the voltage 
level in decimal notation. The voltages 
to be measured must lie between 0 and 
+5 V, and are connected to boxheader 
Kg (see Fig. 6). 

The A-to-D conversion yields a digi- 
tal value of O for an input voltage of 
О V, and 255, for an input voltage of 
4.98 V. The actual signal voltage, U, is 


4180 TXT1 DB '"U-',0 к 
4183 TXT2 ов ” пу’, 13,10,0 therefore computed from 
4189 H 
4189 ; Functi codes for MONITOR calls 
214% FER U = measured value x БУ / 256 (V) 
4189 CCSTXT EQU 002H ; transmit text 
4189 ссав016 EQU 005Н ; transmit 16 bit value @RO decimal 
4189 СССЕТС EQU 010H : fetch ASCII character from У24 je ; 7 
483 აიი ანნი ЕН This is done by the program, which for 
4123 ccDIV EQU 0531 convenience also handles the conver- 
4189 COMMAND EQU 030H ; MONITOR command storage location sion into millivolts (mV). The arith- 
4189 MON EQU 0200H ; MONITOR entry address А . 
4189 ; ? metic апа number output subroutines 
4189 75 30 02 [2] STXT МОУ COMMAND, #ccSTXT ; set MONITOR command : 7 у ў 
418C 02 02 00 [2] LIMP MON ; jump to MONITOR contained in ЕМОМ№5І are used for this 
418F END 
*****kk&* SYMBOL TABLE (28 symbols) **s34x44x* purpose. a 
АСС :00ЕО DPL :0082 DPH :0083 ADCON :00D8 
ADDAT :00D9 DAPR :00DA pl :1388 ql :0100 
ADval :0050 p :0052 q :0054 PROD32 :0056 
Uval :005A MAIN :4100 MLP :4105 BSY :4114 
OUTPUT :411E TXTO 14169 ТХТ1 :4180 TXT2 :4183 Reference: 
CCSTXT :0002 ccdRO16 :0005 | ссбЕТС :0010 ccMUL :0052 
CCDIV :0053 COMMAND :0030 MON :0200 STXT :4189 1. 8051/8032 assembler course, 


Elektor Electronics February through 
November 1992. Course disk and mon- 
itor EPROM order code: 1661 (see page 
70). 
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Fig. 7. Example program that makes use of the analogue-to-digital converter contained in the 
80C535 microcontroller. 
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8088 XT - PC99 


"— 


* 256k RAM - expandable 


* Factory burnt-in 
to 640k 


* Standard 84 key 


* 4.7 Mhz speed keyboard 
* 360k 5-1/4" floppy « 12" green screen 
inclüded 


* 2 serial & 1 parallel ports 
* MS-DOS 4.01 


Optional FITTED extras: 640K RAM £39. 12" CGA colour 
monitor with card £39. 2nd 5-1/4" 360K floppy £29.95. 20 
mbyte MFM hard drive £99. 


ony £99.00. 


FLOPPY DISK DRIVES 
514" from £22.95 - 312" from £21.95! 


Massive purchases of standard 51/4" and 3/2" drives enables us 
to present prime product at industry beating low prices! All units 
(unless stated) are removed from often brand new equipment 
and are fully tested, aligned and shipped to you with a 90 day 
guarantee and operate from standard voltages and are of stand- 
ard size. All are IBM-PC compatible (if 312" supported). 
3.5" Panasonic JU363/4 720K or equivalent £29.95(B) 
3.5" Mitsubishi MF355C-L. 1.4 Meg. Laptops only* £29.95(B) 
3.5" Mitsubishi MF355C-D. 1.4 Meg. Non laptop — £29.95(B) 
5.25" EXTRA SPECIAL BRAND NEW Mitsubishi MF501B 
360K. Absolutely standard fits most computers £22.95(B) 
* Data cable included in price. 

Shugart 800/801 SS refurbished & tested 
Shugart 851 double sided refurbished & tested £275.00(E) 
Mitsubishi M2894-63 double sided switchable 

hard or soft sectors- BRAND NEW £250.00(E) 
Dual 8" drives with 2 mbyte capacity housed in a smart case 
with built in power supply! Ideal as exterior drives! £499.00(F) 
End of line purchase scoop! Brand new МЕС 02246 8" 85 
megabyte of hard disk storage! Full CPU control and industry 
standard SMD interface. Ultra hi speed transfer and access time 
leaves the good old ST506 interface standing. In mint condition 
and comes complete with manual. Only... 299(E) 


THE AMAZING TELEBOX! 
Converts your colour monitor into a 
us სა QUALITY COLOUR TV!! 


TV SOUND 
& VIDEO 


* п good used condition 












£175.00(E) 













TUNER! 





The TELEBOX consists of an attractive fully cased mains 
powered unit, containing all electronics ready to plug into a host 
of video monitors made by manufacturers such as 
MICROVITEC, ATARI, SANYO, SONY, COMMODORE, 
PHILIPS, TATUNG, AMSTRAD and many more. The composite 
video output will also plug directly into most video recorders, 
allowing reception of TV channels not normally receivable on 
most television receivers (TELEBOX MB). Push button controls 
on the front panel allow reception of 8 fully tuneable ОН air’ UHF 
colour television or video channels. TELEBOX MB covers vir- 
tually all television frequencies VHF and UHF including the 
HYPERBAND as used by most cable TV operators. Composite 
and RGB video outputs are located on the rear panel for direct 
connection to most makes of monitor. For complete compatibility 
- even for monitors without sound - an integral 4 watt audio 
amplifier and low level Hi Fi audio output are provided as 


standard. 

Telebox ST for composite video input monitors £32.95 
Telebox STL as ST but with integral speaker £36.50 
Telebox MB as ST with Multiband tuner VHF-UHF-Cable. 


& hyperband For overseas PAL versions state 
5.5 or 6mhz sound specification. £69.95 
Telebox RGB for analogue RGB monitors (15khz) £69.95 
Shipping code on all Teleboxes is (B) 
RGB Telebox also suitable for IBM multisync monitors with RGB 
analog and composite sync. Overseas versions VHF & UHF сай. 
SECAM / NTSC not available. 


. No Break Uninterruptable PSU's 


Brand new and boxed 230 volts uninterruptable power supplies 
from Densei. Model MUK 0565-AUAF is 0.5 kva and MUD 
1085-AHBH is 1 Куа. Both have sealed lead acid batteries. МОК 
are internal, MUD has them in a matching case. Times from 
interrupt are 5 and 15 minutes respectively. Complete with full 
operation manuals............ MUK......£249 (F) MUD......£525 (С) 





LOW COST PC SPECIALISTS - ALL EXPANDABLE - ALL PC COMPATIBLE 




















286 АТ - РС286 386 АТ - РСЗ86 





* 640k НАМ expandable “2 serial & 1 parallel 
with standard SIMMS ports 


* 12 Mhz Landmark speed • MS-DOS 4.01 
• 20 meg hard disk * Co-processor socket 
* 1.2 meg 5-1/4" floppy — * Enhanced 102 key 


* 2 serial & 1 parallel 
ports 


* MS-DOS 4.01 
* Co-processor socket 
* Enhanced 102 keyboard 


* 2 meg RAM expanded 
by slots 


* 20 Mhz with 32k cache. 
Expandable to 64k 


* 40 meg hard disk 


Ж n keyboard е п 
1.4 meg 3-1/2" floppy « Clock & calendar with 1.2 meg 5-1 14" floppy — . Kwik Disk Accelerator 
* EGA driver on board battery back up * VGA card installed Software - FREE 


BRAND NEW AND BOXED! 


ony£425.00. 


MONITORS 


14" Forefront Model MTS-9600 SVGA 
multisync with resolution of 1024 x 768. 0.28 
pitch. "Text" switch for word processing etc. 
Overscan switch included. Ideal for the PC- 
386 or PC-286 with SVGA card added. Also 
compatibe with BBC, Amiga, Atari (including 
the monochrome high resolution mode), Ar- 
chimedes etc. In good used condition (possible minor screen 
burns). 90 day guarantee. 15" x 14" x 12". Опу............. £159(E) 
დ . M" Philips Model CM8873 VGA multisync 

with 640 x 480 resolution. CGA, EGA or 
VGA, digital/analog, switch selectable. 
Sound with volume control. There is also a 
special “Text" switch for word processing, 
spreadsheets and the like. Compatible with 


BRAND NEW AND BOXED! 


ony 249.00. 


The Philips 9CM073 is suggested for the PC286 and the 
CM8873 for the PC386. Either may use the SVGA MTS-9600 
if a suitable card is installed. We can fit this at a cost of £49.00 
for the PC286 and £39.00 for the PC386. 


POWER SUPPLIES 


Power One SPL200-5200P 200 watt (250 w peak).Semi open 
frame giving +5V 35a, -5v 1.5a, 412v 4a (8a peak), -12v 1.5a, 
%24у 4a (ба peak). All outputs fully regulated with over voltage 
protection on the +5V output. AC input selectable for 110/240 
vac. Dims13" x 5" x 2.5". Fully guaranteed RFE. £85.00 (B) 


Power One SPL130. 130 watts. Selectable for 12v (4A) or 24 v 
(2А). 5v @ 20A. + 12v @ 1.5A. Switch mode. New. — £59.95(B) 
Astec AC-8151 40 watts. Switch mode. +5V @ 2.5а. 412v @ 
2a. -12v @ 0.18. 6-1/4" x 4" x 1-3/4'.New £22.95(B) 
Greendale 19ABOE 60 watts switch mode.+5v @ ба,-12у 6 
1а,-15у @ 1а. RFE and fully tested.11 x 20 x5.5cms. £24.95(C) IBM PC's, Amiga, Atari (excluding the 
Conver AC130. 130 watt hi-grade VDE spec.Switch mode.+5v monochrome high resolution mode), BBC, 
@ 15a,-5v @ 1a,+12v @ 6a.27 x 12.5 x 6.5cms.New. £49.95(C) Archimedes etc. Good used condition (possible minor screen 
Boshert 13090.Switch mode. Ideal for drives & system. +5v@ ба, burns) 90 day guarantee. 15" x 14" x 12". Only .£139(E) 
+12V @ 2.5а, -12v @ 0.5a, -5v @ 0.5а. £29.95(B) philips 9СМ073 similar (not identical) to above for EGA/CGA 
Farnell G6/40A. Switch mode. 5v @ 40a.Encased £95.00(C) pc and compats. 640 x 350 pube pan With Text switch with 
Farnell G24/5S. As above but 24v @ 5a. £65.00(C) amber or green screen selection. 14" x 12" x 13-1/2 £99(E) 


BBC Model B APM Boa KME 10" high definition colour monitors. Nice 


tight 0.28" dot pitch for superb clarity and 
£100 CASH FOR THE modern styling. Operates from any 15.625 khz 



















sync RGB video source, with RGB analog and 
WIN £100 МОЗТ МОУ. composite sync such as Atari, Commodore 
CASH! DEMONSTRATABLE Amiga, Acorn Archimedes & BBC. Measures % 
APPLICATION! only 13.5" x 12" x 11". Also works as quality Ту әліп our KGB 


Telebox. Good used condition. 90 day guarantee. Only..£125 (E) 
KME as above for PC EGA standard £145 (E) 
Brand new Centronic 14" monitor for ІВМ PC and compatibles 
at a lower than ever price! Completely CGA equivalent. Hi-res 
Mitsubishi 0.42 dot pitch giving 669 x 507 pixels. Big 28 Mhz 


board has so many similarities to the regular BBC model B that bandwidth. A super monitor in attractive style moulded case.Full 
we are sure that with a bit of experimentation and ingenuity тапу 90 day guarantee. Only £129 (E) 


useful applications will be found for this board!! It is supplied NEC CGA 12" IBM-PC compatible. High 
complete with a connector panel which brings all the I/C to 'D' quality ex-equipment fully tested with a 90 
and ВМС type connectors - all you have to do is provide +5 and day guarantee. In an attractive two tone 
X 12v DC. The APM consists of a single PCB with most major ripped grey plastic case measuring 15°L x 
іс socketed. Тһе ic's are too numerous to list but include а 43"w x 12*H. The front cosmetic bezel has 
6502, RAM and an SAA5050 teletext chip. Three 27128 been removed for contractual 
EPROMS contain the custom operating system on which We reasons. Only......... £69 (е) 
have no data, On application of DC power the system boots and 20". 22" and 26" AV SPECIALS 
provides diagnostic information on the video output. On board Superbly made "UK manufacture. PIL all solid state colour 
DIP switches and jumpers select the ECONET address and monitors, complete with composite video & sound inputs. Attrac- 
enable the four extra EPROM sockets for user software. Appx. tive teak style case. Perfect for Schools, Shops, Disco, Clubs. 
dims: main board 13" x 10". I/O board 14" x 3". Supplied tested In EXCELLENT little used condition with full 90 day guarantee. 


with circuit diagram, data and competition entry form. 20"....£135 22'"....£155 26"....£185 (P) 


Only £29.95 or 2 tor £53 5 CALL FOR PRICING ON NTSC VERSIONS! 


Superb Quality 6 foot 40u 
SPECIAL INTEREST 


Trio 0-18 vdc bench PSU. 30 amps. New 1 9 Rack Cabinets 


Fujitsu M3041 600 LPM band printer Е F 
DEC L5/02 CPU board Massive Reductions 


Rhode & Schwarz SBUF TV test transmitter 


BBC Model B type computer on a board. A major purchase 
allows us to offer you the PROFESSIONAL version of the BBC 
computer at a parts only price. Used as a front end graphics 
system on large networked systems the architecture of the BBC 

























£ 470 
£2950 
£ 150 





SE 
ააა 
პას n 
> 25-1000ოჩ2, Complete with SBTF2 Modulator серо |555 Virtually New, Ultra Smart! 
alcomp large drum 3 pen plotter 65 დაღ. L6 Тһап Н; If Price! 
; დ 55 მ მ CC! 
Tak Y 1 By ene БЕДЕ қын | 3 Hs SSS Top quality 19" rack cabinets made in UK 
Anton MT ყვა Hz რ phase frequency converter 75Kw POA ააა у Optima ота ы] ასსა бше 
lewton Derby 400 Hz 70 Kw converter A >S esigner, smoked acrylic lockable front 
Nikon PL-2 Projection lens meter/scope £750 IS door, full height lockable half louvered back 
Sekonic SD 150H 18 channel Hybrid recorder £2000 р door and removable side panels. Fully ad- 
HP 7580A A1 8 pen high speed drum plotter £1850 justable internal fixing struts, ready 


Kenwood DA-3501 CD tester, laser pickup simulator Е 350 punched for any configuration of equipment mounting plus ready 


BRAND NEW PRINTERS mounted integral 12 way 13 amp socket switched mains distribu- 


tion strip make these racks some of the most versatile we have 
£139 (D) ever sold. Racks may be stacked side by side and therefore 


Microline 183. NLQ 17x17 dot matrix. Full width. 
Hyundai HDP-920. NLQ 24x18 dot matrix full width. £149 (D) require only two side panels or stand singly. Overall dimensions 


Qume LetterPro 20 daisy. Qume QS-3 interface. £39.95 (D) are 77-1/2"H x 32-1/2"D x 22"W. Order as: 
Centronics 152-2 9 x 7 dot matrix. Full width. £149 (D) Rack 1 Complete with removable side panels.. 


қ н ; წ .£275.00 (С) 
Centronics 159-4 9 x 7 dot matrix.Serial. 9-1/2" width£ 99 (D) Rack2 Less side panels 


_“““- £145.00 (G) 





DISTEL © The Original 
Free dial-up database! 
1000’s of items+info on line 


MAIL ORDER & OFFICES ALL ENQUIRIES 
Open Mon-Fri 9.00-5.30 
Dept EL, 32 Biggin Way, 
Upper Norwood, 
London 5Е19 ЗХҒ. 


1992 Winter issae of Display News now available - send large SHE - PACKED with bargains! 
South Norwood, V21, V22 & V22 bis 081 679.441 4 


LONDON SHOP РЧ 
London, SE25 . 081-679-1888 Fax- 081-679-1927 


Open Mon-Sat 9-5.30 

Thursday till 9.00pm 

215 Whitehorse Lane, 
All prices for UK Mainland. UK customers add 17.5% VAT to TOTAL order amount. Minimum order £10, PO orders from Government, Universities, Schools & Local Authorities 
welcome-minimum account order £30. Carriage charges (A)-£2.00. (A1)=£3.75. (B)=£5.50. (C)=£8,50. (О)-Е11.50. (E)-£14.00 (F)=£18.00 (G)-Call . Scotland surcharge: call. 
А) goods supplied subject to our standard Conditions of Sale and unless otherwise stated guaranteed for 90 days. All guarantees on а retum to base basis.Rights reserved to 
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change prices & specifications without prior notice. Orders subject to stock. Quotations willingly given for higher quantities than those stated. Bulk surplus амауѕ wanted for cash. 
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"om WINTER 1993/94 
CATALOGUE 


COUPON 


that brings the 1993/94 


CATALOGUE 





140 pages, A4, copiously illustrated, 
bang up to date and with bonus 
vouchers. Send cheque/PO for £1.50 


- that brings the 





SERVICE & 


with choice of very wide ranges of famous-name 
quality electronic components and associated gear 
sent promptly on receipt of your order. A service 


that [Electrollue 


have been providing since 1965. With this Catalogue, you 
will find our service the best ever. Send for your copy NOW! 





ELECTROVALUE LTD, 3, CENTRAL TRADING ESTATE, STAINES. 
TWI8 4UX. Tel: 0784 442253. Fax: 0784 460320 
l enclose Cheque/PO/Card no ..................... ree esent ененнен 
value £1.50 for your 1993/4 CATALOGUE 





The new enlarged 
Catalogue is out now! 


New direct phone lines for prompt service 








16 more pages 
£££'s worth of discount vouchers 


 280/6502/6009 "Systems" RGB video, 85232, 16/0 100's new products 
Floppy Disk & monitor EPROM: vFrom £66 
"сео: 68" includes:- 16char Led, Serial.- i 


Controller, Real time Clock, 40.10, 222 £155 





240 pages, 26 sections, over 4000 products 


У УУУ NN 


New section of entertainment and accessories 
including disco equipment, audio mixers, car 
amplifiers, crossovers, speakers and boosters 


64180 Micro 


> Complete range of Velleman kits now stocked 
>. > The latest scanning receivers and accessories 
საია. > New Ni-cad batteries and chargers 

> New range of telephone equipment and accessories 

> Published December 1993 

» Available from most large newsagents 
or direct from Cirkit 

> Send for your 90 
copy today! £ ლ. 


Ассез5 


CIRKIT DISTRIBUTION LTD 


Park Lane - Broxbourne - Hertfordshire . EN10 7NQ 
Telephone (0992) 448899 . Fax (0992) 471314 
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Solution to the 


Prize Electronic Crossword 2 
by Matrix 
(December 1993) 


Across 
1. Common collector 
9. Renumber 
10. Stereo 
12. Inst 
13. Die-hard 
14. FM 
17. Gratis 
18. Anathema 
21. Filament 
22. Litmus 
24, RF 
25. Off-days 
27. Ecru 
30. Ampere 
31. Bachelor 
33. Darlington pairs 


Down 

Carriage forward 
Monostable 
Ohms 

Credit 

LA 

Ester 

Tera 

Root mean squares 
11. Shunt 

15. Film 

16. Vermicelli 

19. Trim 

20. Anode 

23. Dynamo 

26. Fermi 

28. Spar 

29. Chip 

32. MG 


СО. gros 9rd es 


Winners of the construction kits are: 
lst prize: Р.В. Pinnell 
2nd prize: S. Lewondowski 


3rd/4th/5th prizes: 


COMPONENT RATINGS 


Inresistor and capacitor values, decimal points 
and large numbers of zeros are avoided wher- 
ever possible. Small and large values are usu- 
ally abbreviated as follows: 


p(pico-) 210-7? 
п (папо-) = 10-9 
u(micro-) = 10-6 
m(milli-) = 10-3 
К (kilo-) -103 
М (mega-) = 106 
G (giga-) = 10% 


Note that nano-farad (nF) is the international 
way 01 writing 1000 pF or 0.001 UF. 
Resistors are 1/ҙ watt, 5% metal film types un- 


N.L. Cunningham 
P.S. Mainwaring 
W. Sykes 


Winners of the book prizes are: 
A.C. Arnold 
J. Cott 
Mark Latham 
Will Rimell 
William Ritchie 


All winners have been advised by letter. 


LETTERS 


Dear Editor—I know that a CGA card can 
relatively simply be connected to a TV re- 
ceiver. Is this possible with a VGA card? I 
have not been able to find any literature 
on this. 

J. Scott, Preston 


The line and field frequencies used witha 
CGA card are similar to those used ina TV 
receiver, so that interfacing the two is, as 
you say. pretty straightforward. This is, un- 
fortunately, not the case with а VGA card. 
The required interface would be quite com- 
plex. We have not published a design for 
this and, as far as we know, neither have 
other amateur publications. There are com- 
mercial units available, but these cost a 
couple of hundred pounds. [Editor] 


Dear Editor—I would like to get some more 
detailed information on the VHF/UHF 
tuner (Oct/Nov 1993) ason the enclosed 
sheet of paper. 

S. Svenson, Stockholm 


Unfortunately, neither our Design Department 
nor the original (free-lance) designer have 
the time to go into your request. They feel, 
however, that most of the information you 
seek is already contained in the article. We 
trust that you will appreciate that with our 
busy agenda of getting our magazine out 
on time every month it is just impossible to 


less otherwise specified. 


The direct working voltage of capacitors (other 
than electrolytic or tantalum types) is assumed 
to be 260 V. As arule of thumb, a safe value 
is about 2x direct supply voltage. 


Direct test voltages are measured with a 20 kQ/V 
meter unless otherwise specified. 


Mains (powcr line) voltages are not listed in the 
articles. It is assumed that our readers know 
what voltage is standard in their part of the 
world. 


Readers in countries that use 60 Hz supplies, 
should note that ourcircuits are usually designed 
for 50 Hz. This will not normally cause prob- 
lems, although if the mains frequency is used 


enter into individual correspondence on a 
completed project. [Editor] 


Dear Editor— work in an environment where 
some equipment produces a fairly high 
steady frequency sound. I have read some- 
where about 'anti sound' apparatus. Is 
such equipment available or can it be built 
simply? I have in mind to design such a 
unit with a microphone at one end and a 
loudspeaker at the other. Can you offer any 
suggestions? 

Е. Velsink, Holland 


There does exist anti-sound equipment, 
but this is quite complex. The complexity arises 
from the fact that the sound to be elimi- 
nated must be monitored and analysed 
constantly. The anti-sound must be generated 
close to the source of the offending sound 
by a number of powerful loudspeakers. 
The frequency and level of the anti-sound 
must be adapted constantly to ensure that 
the sumofall the sounds is as small as fea- 
sible. 

It is, therefore, not just a question of 
placing a microphone near the source of 
the offending signal and feed back the 
sound in anti-phase via a couple of loud- 
speakers. All the time, the system must be 
intelligent enough to detect how and to 
what degree the anti-sound must be changed 
to further reduce the offending sound or at 
least to keep it at a low level. 

As far we know, there are no DIY kits for 
this type of equipment. [Editor] 


for synchronization, some modification may 
be required. 


The international letter symbol С is used for 
voltage instead of the ambiguous ‘У’. The let- 
ter V is reserved for ‘volts’. 


The size of a metric bolt or screw is defined 
by the letter M followed by a number corre- 
sponding to the overall diameter of the thread 
in mm, the x sign and the length of the bolt or 
screw, alsoin mm. For instance, an M4x6 bolt 
has a thread diameter of 4 mm anda length of 
6mm. The overall diameter of the thread in the 
ВА sizes is:0 BA=6.12 тт; 2 BA=4.78 mm; 
4 BA = 3.68 mm; 6 BA = 2.85 mm; 8 BA = 
2.25 mm. 
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IF 


AN ADVERT 
IS WRONG, 
WHO PUTS 

IT RIGHT? 


We do. 

The Advertising Standards 
Authority ensures advertise- 
ments meet with the strict 
Code of Advertising Practice. 

So if you question ап 
advertiser, they have to 
answer to us 

To find out more about the 


ASA, please write to 
Advertising Standards Authority. 
Dept X, Brook House, 
Torrington Place, 
London WCIE УНА. 


This space is donated inthe interests 
of high standards in advertisements 





SWITCHBOARD 

















_ Switchboard allows all PRIVATE READERS of 
Elektor Electronics one FREE advertisement 
of up to 108 characters, including spaces, 

| commas, numerals, éte., per month. 

_ Write the advertisement, which MUST 

_ relate to electronics, in the coupon on this 
‚раде; it MUST INCLUDE a private telephone 
number or name and address; post office 

_ boxes are NOT acceptable. 

-Elektor Electronics (Publishing) can not ac- 
cept responsibility for any correspondence ог 
transaction as a result of a free advertisement 

| orof any inaccuracy in the text of such an ad- 

| vertisement. 

| Advertisements will be placed in the order _ 
ი they are received. 

or Electronics (Publishing) reserve | 
t о refuse advertisements without | 
giving reasons or without returning them. 
















FOR SALE. Remote data logger, 32 inputs, will 
run off car battery. Ecx custome software. £80. 
Phone (0268) 524 968. 


FOR SALE. Wyseterminals £50; Sharp MZ-80K 
£50; NEC spinwriter £50; Variac 0-270 V £50; Synth 
£55. Phone Paul on (0533) 810 945. 


WANTED. Pre-1980 hobbyist microcomputers: 
Altair, Арріе-І, SWT PC, etc. Please call (USA)718 
967 5069. 


FOR SALE. Surplus components. Send sae for 


list to Alan Auden, 206 Ellerdine Rd, Hounslow 
TW3 2PX 
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Increase your electronics 
know-how and skills 


The speed and intensity with which electronics penetrates our daily lives 
at home, at work, or in our car, tends to make us forget that we can use 
electronics creatively by building designs with a practical application 
and having the satisfaction of a successfully finished project. Elektor 
Electronics, which is distributed all over the world, can help you achieve 


these goals. Throughout the year, the magazine features original 
construction projects, informative articles and news on the gamut of 
electronics, science & technology, book reviews and information on new 
products. The past 11 issues contained 80 major and 97 minor 
construction articles, 21 articles of an educative or instructional nature, 
and 10 articles dealing with Science & Technology. 

Ifyou wish to increase your electronics know-how and skills, take out an 
annual subscription to Elektor Electronics by writing or faxing to 


World Wide Subscription Service Ltd 
Unit 4, Gibbs Reed Farm 
Pashley Road, Ticehurst 
East Sussex TN5 7HE, England 
Telephone (0580) 200 657; Fax (0580) 200 616 


You will then have the convenience of having the magazine delivered to 
your home, and the peace of mind that you will not miss any issue. The 
1994 worldwide rates for an annual subscription (11 issues) are shown 


on page 72. 


FOR SALE. Data base disk of Elektor 1983-93. 
DB3 based, includes search program. £9.95. Call 
Gary on 081 861 2210 


WANTED. Copy of ITT OX750 oscilloscope man- 
ual. Please write to Mike Farrell, 69 Granville 
Road, Dunlaoghaire, Dublin, Eire. 


FOR SALE. Monacor VTR-1 109 transformers. New 
£6 each. Phone (0525) 874 226 Evenings. 


WANTED. Digitizer construction plans. Help to 
solve problems with Elektor plotter with PC486. 
Write to Kaj Larsen, Gyvelvej 33, 9560 Hadsund, 
Denmark. Phone (045) 9857 3785. 


FOR SALE. Elektor Electronics, 1981—1984, will 
sell separate. Phone Guray on (0202) 732 360. 


FOR SALE. Tektronix 2215 double beam oscil- 
loscope, 60 MHz. Probes etc. Weller DS800 de- 
solder and EC2000 PSU 0-60 V, 3 A. Phone 
Mr Hingley on (0395) 263 746. 


WANTED. June/July 1984 Electronics & Computing 
monthly or Dragon.32 EPROM programmer. 
Phone Mr French on (0507) 607 333. 


FOR SALE. Tektronix 465 dualtrace £325. Hameg 
604 dual trace £250. Phone Mr Russell on 
(0235) 833 181 evenings. 


FOR SALE. Test meters, meters, pattern generator. 
timers, components, tx motor, etc. All clean gear 
£40. Phone Mr Hockley on (0532) 778 444. 


FOR SALE. Lots of databooks, manuals, etc. 
Write to Mr. W.H. Ip, 228 Brynmor Road, Brynmill, 
Swansea SA1 4JH. 


FOR SALE or EXCHANGE. Thurlby 160A Logic 





Analyser with probes £250 or exchange for 
Archimedes copmputer. Phone Mr Burnett on 
Tyneside (091) 482 4307. 


Send this coupon to 
Elektor Electronics (Publishing) 
P.O. Box 1414 
Dorchester DT2 8YH 
England 


Block capitals please — one character to each box 
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Name and address MUST be given 





READERS SERVICES 


Except in the USA and Canada, all orders, except for 
subscriptions and past issues (for which see below), 
must be sent BY POST to our Dorchester office using 
the appropriate form opposite. Please note that we 
can not deal with PERSONAL CALLERS, as no stock 
is carried at the editorial and administrative office. 
Readers in the USA and Canada should send orders, 
except for subscriptions (for which see below), to Old 
Colony Sound Lab, Peterborough, whose full address 
is given on the order form opposite. Please include 
shipping cost according to total order value. For sur- 
face delivery in the USA, if order is less than $50, in- 
clude $3; $50+, $4. For Canada surface, if less than 
05950, include US$5; US$50+, US$7.50. For air or 
other deliveries, please inquire. Please allow 4-6 
weeks for delivery. 

All other customers must add postage and packing 
charges for orders up to £25.00 as follows: UK and 
Eire £1.95; surface mail outside UK £2.45; Europe 
(airmail) £2.95; outside Europe (airmail) £3.70. For or- 
ders over £25.00, but not exceeding £100.00, these 
p&p charges should be doubled. For orders over 
£100.00 in value, p&p charges will be advised. 


SUBSCRIPTIONS & PAST ISSUES 


Subscriptions and past issues, if available, should be 
ordered from Worldwide Subscription Service Ltd, 
Unit 4, Gibbs Reed Farm, Pashley Road, TICE- 
HURST TN5 7HE, England. For subscriptions, use 
the order form on the opposite page. Prices of past is- 
sues (except July/August and December), including 
postage for single copies, are £2.70 (UK and Eire); 
£3.00 (surface mail outside UK); £3.20 (air mail 
Europe); £3.95 (airmail outside Europe). Prices of past 
July/August and December issues, including postage 
for single copies, are £3.75 (UK); £4.00 (surface mail 
outside UK); £4.25 (airmail Europe); and £5.00 (air- 
mail outside Europe). 


PAST ARTICLES 


Photocopies of articles from January 1978 onwards 
can be provided, postage paid, at £1.95 (UK and Eire), 
£2.10 (surface mail outside UK), £2.45 (airmail 
Europe), or £2.70 (airmail outside Europe). In case an 
article is split into instalments, these prices are applic- 
able per instalment. Photocopies may be ordered 
from our editorial and administrative offices. 


COMPONENTS 


Components for projects appearing in Elektor Elec- 
tronics are usually available from appropriate advertis- 
ers in this magazine. If difficulties in the supply of 
components are envisaged, a source will normally be 
advised in the article. It should be noted that the 
source(s) given is (are) not exclusive — other suppli- 
ers may also be able to help. 


BOOKS 


For book availability, see advertisement on page 58. 


SHELF BOX 


Elektor Electronics shelf ხ0X........... 22.95............ $6.00 


| 
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FRONT PANELS 


PROJECT No. Price Price 
(£) (USS) 

Timecode interface 910055-F 8.80 17.60 

Digital function 

generator 910077-F 10.60 21.20 

4-Megabyte printer 

buffer 910110-F 11.45 22.90 

FM tuner 920005-F 13.20 26.40 

4MB printer buffer card 920009-F 8.25 16.50 

LC meter 920012-F 11.45 22.90 

Guitar tuner 920033-F 8.80 17.60 

NICAM decoder 920035-F 8.25 16.50 

12VDC to 240VAC 

inverter 920038-F 16.15 32.30 

Audio DAC 920063-F 10.00 20.00 

Dig. audio/visual system 920022-Е1 10.00 20.00 
920022-F2 19.40 38.80 
920022-F3 28.80 57.60 

1.2 GHz multifunction 

frequency meter 920095-F 13.80 27.60 

U2400B NiCd battery 

charger 920098-F 8.75 17.50 





PROJECT No. Price Price 

(£) (USS) 
Workbench PSU 930033-F 17.00 34.00 
Inexpensive phase meter 930046-F 17.25 34.50 
Mini preamplifier 930106-F Not available 
AF rms voltmeter 930108-F 17.25 34.50 


EPROMS / PALS / MICROCONTROLLERS 


Amiga mouse/joystick 


switch (1 x GAL 16V8) 6001 8.25 16.50 
4-Megabyte printer buffer 

(1 x 2764) 6041 15.30 30.60 
8751 emulator 

incl. system disk (MSDOS) 6051 29.40 58.80 
Connect 4 (1 x 27C64) 6081 15.30 30.60 
ЕМОМ51 (8051 assembler 

course) (1 x 27256 +disk 1661) 6061 20.00 40.00 
ЕМОМ51 (8051 assembler 

course) (1 x 27256 +disk 1681) 6091 20.00 40.00 
FM tuner (1 x 27C256) 6101 15.30 30.60 
Multi-purpose 280 card: 

GAL set (2 x GAL 16V8) 6111 11.15 22.30 
Multi-purpose 280 card: 

BIOS (1 x EPROM 27128) 6121 15.30 30.60 
1.2 GHz multifunction 

frequency meter(1 x 27C256) 6141 11.45 22.90 
Digital audio/visual system 

(1 x 270256) 6171 10.30 20.60 
TV test pattern generator 

(1 x 27256) 6151 13.00 26.00 
DiAV system. Package: 

1 x 27512; 2 x GAL; 1 x 

floppy disk (MSDOS) 6181 30.50 61.00 
PAL test pattern generator 

(1 x GAL 208-25) 6211 9.40 18.60 
Watt-hour meter (1 х 27256) 6241 10.00 20.00 
Four fold DAC (1 x GAL) 6251 10.75 21.50 
Multipurpose display decoder 

(1 x 2764) 6261 11.50 23.00 
Telephone-controiied switch 

(1 x 2764) 6271 14.50 29.00 
Relative humidity meter 

(1 x 2764) 6301 14.50 29.00 
535 card м. EPROM emulator 

(1 x PAL; 1 x GAL) 6311 26.00 52.00 
Copybit eliminator ( 1 x GAL 

16V8 and 1 x MACH110) 6321 42.25 84.50 
RDS decoder (1 x 27C64) 63831 14.50 29.00 
I?C tester (1 x GAL 6001) 6341 30.75 61.50 
8751 programmer (1x 8751) 7061 46.40 92.80 
Microcontroller NiCd charger 

(1 х 5Т62Е15) 7071 10.00 20.00 
Maxi micro clock (clock) 7081 11.50 23.00 
Maxi micro clock (darkroom timer) 7091 11.50 23.00 
Maxi micro clock (cooking timer) 7101 11.50 23.00 
Mini micro clock (clock) 7111 11.50 23.00 
Mini micro clock (darkroom timer) 7121 11.50 23.00 
Mini micro clock (cooking timer) 7131 11.50 23.00 
VHF/UHF TV tuner 

(1 x 87C51) 7141 25.75 51.50 
Microntroller-driven UART 

(1х ST62T10) 7151 17.25 34.50 


DISKETTES 


Plotter driver (D. Sijtsma) 1541 11.15 22.30 
IC interface for Atari 1571 7.65 15.30 
Tek/Intel file converter 1581 7.65 15.30 
B/W video digitizer 1591 11.15 22.30 
Timecode interface 1611 7.65 15.30 
RTC for Atari ST 1621 7.65 15.30 
24-bit colour extension 

for video digitizer 1631 11.15 22.30 
PC controlled weather 

station - 3 (supersedes 

disks 1551 and 1561) 1641 7.65 15.30 
8051/8032 Assembler course 

(IBM version) 1661 7.65 15.30 
8051/8032 Assembler 

course (Atari version) (3.5") 1681 7.65 15.30 
AD232 converter 1691 7.65 15.30 
GAL programmer (3 disks; 

upgrade: June 1993) 1701 11.15 22.30 
Multi-purpose Z80 card 1711 7.65 15.30 
Fuzzy Control One 1721 7.75 15.50 
Pascal library for MMC 1751 9.70 19.40 
Speech/sound memory 1771 7.65 15.30 








PROJECT No. -. Price Price 
(£) (USS) 
PC-aided transistor tester 1781 7.50 15.00 
IR receiver and DTMF decoder 
for 80C32 SBC 1791 9.00 18.00 
I?C opto/relay card 1821 7.65 15.30 
Video digitizer for PCs 1831 14.50 29.00 
GAL programmer for Amiga 1841 11.00 22.00 
I?C alphanumerical display 1851 8.50 17.00 
Philips preamplifier 1861 8.50 17.00 
GAL programmer (excl. Opal 
Jr. disks) 1881 10.75 21.50 
Precision clock for PCs 1871 8.50 17.00 
X2404-to-8751 interfacing 1891 8.50 17.00 
SIM — an 8051 simulator 1931 34.25 68.50 


PRINTED CIRCUIT BOARDS 


Printed circuit boards whose number is followed by a 
+ sign are only available in combination with the as- 


Sociated software item, and can not be supplied sepa- 
rately. The indicated price includes the software. 





OCTOBER 1993 


Stereo mixer UPBS-1 1.95 3.90 
MIDI channel monitor 930059 14.00 28.00 
Ah meter with digital display 930068 14.00 28.00 
Autoranging frequency 

readout 930034 12.50 25.00 
ROM-gate switchover for 

Atari ST 930005 30.25 60.50 
Microntroller-driven NiCd 

battery charger (incl. 

programmed ST62E15) 920162+ 25.50 51.00 
Fuzzy logic multimeter - 2 

incl. disk (1721) 920049-1+ 23.75 47.50 
МОУЕМВЕН 1993 

Fuzzy logic multimeter - 3 

(four boards) 920049 Not available 
Precision clock for PCs 

incl. disk (1871) 930058- 12.25 24.50 
VHF/UHF TV tuner 

boards -1 and -2, and 

uC 87C51 (7141) 930064-= 57.25 114.50 
Output amplifier with AF 

bandpass filter 93007 1 6.75 13.50 
Electronic toad 930088 Not available 
Digital hygrometer 

incl. EPROM (6301) 930104+ 28.00 56.00 
Power MOSFET tester 930107 32.50 65.00 
DECEMBER 1993 

535 card w. EPROM emulator 

incl. GAL and PAL (6311) 930103-= 47.50 95.00 
AF rms voltmeter 930108 12.25 24.50 
ІРС power switch 930091 6.25 12.50 
Medium power HEXFET 

amplifier 930102 12.75 25.50 
Microcontroller driven UART 930073 4.75 9.50 
SCART switching box 930122 14.25 28.50 
Low-power NBFM transmitter 914114 Not available 
Photographic workshop light 930116 Not available 
Stereo PWM output amplifier 934076 Not available 
JANUARY 1994 

Digital dial 930161 12.75 25.50 
RDS decoder 

іпсі. EPROM (6331) 9301214 23.75 51.50 
I?C tester 

incl. GAL (6341) 930128+ 36.25 72.50 
Telephone-controlled switch 

incl. EPROM (6271) 934054+ 37.25 74.50 
FEBRUARY 1994 

80С535 single-board 

computer 924046 14.10 28.20 
Copybit eliminator 

incl. MACH and GAL 9300984 46.25 92.50 
Mini preamplifier 930106 29.25 58.50 
Bidirectional RS232-to- 

Centronics converter 930134 14.00 28.00 


24 ст ЕМ ATV transmitter PCB available from author 


ELEKTOR ELECTRONICS FEBRUARY 1994 


Send this order form to * О НОЕН ЕО АМ Е 


Elektor Electronics (Publishing) VAT No.GB 454 135 463 


P.O. Box 1414 
Dorchester DT2 ВҮН 
SEDE 


Date 







"USA and Canada residents only: use $ prices, 
and send order form to: 

Old Colony Sound Lab, 

P.O. Box 243, Peterborough, NH 03458. 
Tel. (603) 924-6371, 924-6526 

Fax: (603) 924-9467 





Please supply the following. For PCBs, front panel foils, EPROMs, PALs, GALs, microcontrollers and 
diskettes, state the part number and description; for books, state the full title; for photocopies of articles, 
state full name of article and month and year of publication. Please use block capitals. 








Method of payment (see overleaf before ticking as appropriate) 
Note: cheques not made out in sterling must be increased by the equivalent of £15.00 


‘+ Bank draft 


Giro transfer (our account no. 34 152 3801) 





2 Cheque (payable to Elektor Electronics Publishing) 
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Postal/money order 
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EURCCARG 


International Subscription Service 


Please enter my subscription to Elektor Electronics 
for ШЫ one year OQ two years (tick as required) 
by О surface mail Ч airmail (tick as required). 
Method of payment (see overleaf before ticking as appropriate) 
Ч Cheque enclosed (payable to Elektor Electronics Publishing) 
CJ Giro transfer to а/с 34 152 3801 
C] Credit card Expiry date............... SIgnature cesse D Eleg deii 





Send this form to 
Elektor Electronics, World Wide Subscription Service Ltd, Unit 4, Gibbs Reed Farm, 
Pashley Road, Ticehurst TN5 7HE, England 
2-94 (Registered in the UK under the Data Protection Act, 1984) 
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TERMS ОЕ BUSINESS 


HOW TO PAY 

Unless you have an approved credit account 
with us, all orders must be accompanied by 
the full payment, including postage and pack- 
ing charges as stated on page 70. section 1. 

Payment may be made by cheque drawn 
on a London clearing bank (but see para. 4 
below), postal order, VISA, ACCESS, MAS- 
TERCARD or EUROCARD (when paying by 
credit card. the order must go to the card- 
holder's address). Do not send cash through 
the mail. Cheques and postal orders should be 
crossed and made payable to ‘Elektor Electronics 
(Publishing). 

Payment may also be made by direct trans- 
fer from a private or business Giro account to 
our Giro Account No. 34 152 3801 by com- 
pleting and sending to the National Giro Centre, 
in a National Giro postage paid envelope, a 
National Giro transfer/deposit form. Do not send 
Giro transfers direct to us, as this will delay your 
order. 

If you live outside the UK. payment may 
also be made by Bankers' sterling draft drawn 
on a London clearing bank, Eurocheque made 
out in pounds sterling (with holder's guaran- 
tee card number written on the back), or US or 
Canadian dollar cheque, but such cheques, ас- 
cepted at the exchange rate prevailing at the 
time your order is received, must be increased 
by the equivalent of £15.00 to cover our bankers 
negotiating fec. 

If you pay by Bankers’ sterling draft, make 
clear to the issuing bank that your full name 
and address MUST be communicated to the 
London clearing bank. 

Our bankers are National Westminster 
Bank PLC, 100 High Street, BRENTFORD 


TWS 8AY, England. Our account number is 
4285 0134. 


DELIVERY 
Although every effort will be made to dispatch 
your order within 2-3 weeks from receipt of your 
instructions, we can not guarantee this time scale 
for all orders. 


RETURNS 

Faulty goods or goods sent in error may be гс- 
turned for replacement or correction, but not 
before obtaining our consent. All goods re- 
turned should be packed securely in a padded 
bag or box, enclosing a covering letter stating 
the dispatch note number. If the goods are re- 
turned because of a mistake on our part. we 
will refund the return postage. Goods returned 
for refund must be in resaleable condition and 
will be subject to a 10% handling charge with 
a minimum charge of £2:50. 


DAMAGED GOODS 

Claims for damaged goods must be received at 
our Dorchester office within 10 days (UK); 14 
days (Europe) or 21 days (all other countries) 
from the date on our "Recorded Delivery" slip. 


CANCELLED ORDERS 

АП cancelled orders will be subject to а 10% 
handling charge with a minimum charge of 
£2.50. 


PATENTS 

Patent protection may exist in respect of circuits, 
devices, components, and so on, described т our 
books or magazines. Elektor Electronics (Publishing) 
do not accept responsibility or liability for fail- 


ing to identify such patent or other protection. 


COPYRIGHT 
Alldrawings, photographs, articles, printed-cir- 
cuit boards, EPROMs, and cassettes published in 
ourbooks or magazines (otherthan in third-party 
advertisements) are copyright and may not be 
reproduced or transmitted in any form or by 
any means, including photocopying and record- 
ing, in whole or in part, without the prior per- 
mission of Elektor Electronics (Publishing) in 
writing. Such written permission must also be 
obtained before any part of these publications 
is stored in a retrieval system of any nature. 
Nothwithstanding the above, printed-circuit 
boards may be produced for private and personal 
use without prior permission. 


LIMITATION OF LIABILITY 

Elektor Electronics (Publishing) shall not be 
liable in contract, tort, or otherwise, for any 
loss or damage suffered by the purchaser what- 
soever or howsoever arising out of. or in con- 
nexion with, the supply of goods or services by 
Elektor Electronics (Publishing) other than to 
supply goods as described or, at the option of 
Elektor Electronics (Publishing), to refund the 
purchaser any money paid in respect of the 
goods. 


LAW 
Any question relating to the supply of goods 
and services by Elektor Electronics (Publishing) 
shall be determined in all respects by the laws 
of England. 

April 1993 


Annual subscription rates (1994) only may pay in $US cheques. | 
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United Kingdom £27.00 Thestandard subscription order period is twelve months. | 
Rest of the world (surface mail) £33.00 If à permanent change of address during your subscrip- | 
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Europe & Eire £34.00 тоге expensive service, no extra charge will be made. | 
USA & Canada $57.00 Similarly, norefund will be made, norexpiry date extended, ! 
Middle East & North Africa £43.00 if a change of address allows the use of a cheaper service. | 
Central & southern Africa £43.00 | 
Central & South America £43.00 Student applications, which qualify for a 1096 (ten рег! 
Australia & New Zealand £45-00 cent) reduction in current rates, must be supported by ev- 1 
Far East & South Pacific regions £45-00 idence of studentship signed by the head of the college, | 
school or university faculty. | 
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on a London clearing bank (but see below), postal Please note that new subscriptions take about four weeks | 
order, VISA, ACCESS, MASTERCARD Or EUROCARD (in which from receipt of order to become effective. | 
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Please mention ELEKTOR ELECTRONICS when contacting advertisers 


SURVEILLANCE 


PROFESSIONAL 


QUALITY KITS 


No. 1 for Kits 


Whether your requirement for surveillance equipment is amateur, professional or you are just fascinated by this unique area of 
electronics SUMA DESIGNS has a kit to fit the bill. We have been designing electronic surveillance equipment for over 12 years 
and you can be sure that ail our kits are very well tried, tested and proven and come complete with full instructions, circuit 
diagrams, assembly details and all high quality components including fibreglass PCB. Unless otherwise stated all transmitters 


are tuneable and can be received on an ordinary VHF FM radio. 


Genuine SUMA kits available only direct from Suma Designs. Beware inferior imitations! 


UTX Ultra-miniature Room Transmitter 


Smallest room transmitter kit in the word! Incredible 10mm x 20mm including mic. 


3-12V operation. 500m гапде.........................лш 


MTX Micro-miniature Room Transmitter 
Best-selling micro-miniature Room Transmitter 
Just 17mm x 17mm including mic. 3-12V operation. 1000m гапде..................... 


STX High-performance Room Transmitter 
Hi performance transmitter with a buffered output stage for greater stability and range. 
Measures 22mm x 22mm including mic. 6-12V operation, 1500m range ... £15.45 


VT500 High-power Room Transmitter 
Powerful 250mW output providing exceilent range and performance. Size 20mm x 
40mm. 9-12V operation. 3000m range ...£16.45 


VXT Voice Activated Transmitter 
Triggers only when sounds are detected. Very low standby current. Variable sensitivity 
and delay with LED indicator. Size 20mm x 67mm. 9V operation. 1000m range...£19.45 


HVX400 Mains Powered Room Transmitter 

Connects directly to 240V AC supply for long-term monitoring. Size 30mm x 35mm. 

სს ა ЖК К К ГООЛ О Аа ЛТ ЛК 

SCRX Subcarrier Scrambled Room Transmitter 

Scrambled output from this transmitter cannot be monitored without the 5СОМ decoder 
connected to the receiver. Size 20mm x 67mm. 9V operation. 1000m range............. £22.95 
SCLX Subcarrier Telephone Transmitter 

Connects to telephone line anywhere, requires no batteries. Output scrambled so 
requires. SCDM connected to receiver. Size 32mm x 37mm. 1000m range........... £23.95 


SCDM Subcarrier Decoder Unit for SCRX 
Connects to receiver earphone socket and provides decoded audio output to 
headphones. Size 32mm x 70mm. 9-12V operation .............................................. 


ATR2 Micro Size Telephone Recording Interface 

Connects between telephone line (anywhere) and cassette recorder. Switches tape 
automatically as phone is used. АП conversations recorded. Size 16mm x 32mm. 
იოოიწიყი“''">·"""""""""""""" 


XXX Specials XXX 


DLYX/OLRX Radio Control Switch 

Remote contro! anything around your home or garden, outside lights, alarms, paging 
System etc. System consists of a small VHF transmitter with digital encoder and receiver 
unit with decoder and relay output, momentary or alternate, 8-way dil switches on both 
boards set your own unique security code. TX size 45mm x 45mm. RX size 35mm x 
90mm. Both 9V operation. Range up to 200m. 

Complete System (2 kits) 
Individual Transmitter DLTX . 
Individual Receiver DLRX 


MBX-1 Hi-Fi Micro Broadcaster 

Not technically a surveillance device but a great idea! Connects to the headphone output 
of your Hi-Fi, tape or CD and transmits Hi-Fi quality to a nearby radio. Listen to your 
favourite music anywhere around the house, garden, in the bath or in the garage and 
you don't have to put up with the DJ's choice and boring waffle. Size 27mm x 60mm. 
QV operation. 250m range... terne tentent 











Dept. ЕЕ 


SUMA 


UTLX Uitra-miniature Telephone Transmitter 

Smallest telephone transmitter kit available. Incredible size of 10mm x 20mm! 
Connects to line (anywhere) and switches on and off with phone use. 

АП conversation transmitted. Powered from line. 500m гапде........................ 


TLX700 Micro-miniature Telephone Transmitter 

Best-selling telephone transmitter. Being 20mm x 20mm it is easier to assemble than 
UTLX. Connects to line (anywhere) and switches on and off with phone use. А! 
conversations transmitted. Powered from line. 1000m range ............................... 

STLX High-performance Telephone Transmitter 

High performance transmitter with buffered output stage providing excellent stability 
and performance. Connects to line (anywhere) and switches on and off with phone use. 
All conversations transmitted. Powered from line. Size 22mm x 22mm. 

1500m range... cotto am ТТТ КГ 
TKX900 Signalling/Tracking Transmitter 

Transmits a continous stream of audio pulses with variable tone and rate. Ideal for 
signalling or tracking purposes. High power output giving range up to 3000m. Size 
25mm x 63mm. 9V operation 

CD400 Pocket Bug Detector/Locator 

LED and piezo bleeper pulse slowly, rate of pulse and pitch of tome increase as you 
approach signal. Gain control allows pinpointing of source. Size 45mm x 54mm. 9V 
operation 
CD600 Professional Bug Detector/Locator 

Multicolour readout of signal strength with variable rate bleeper and variable sensitivity 
used to detect and locate hidden transmitters. Switch to AUDIO CONFORM mode to 
distinguish between localised bug transmission and normal legitimate signals such as 
pagers, cellular, taxis etc. Size 70mm x 100mm. 9V operation ............................. 
QTX180 Crystal Controlled Room fransmitter 

Narrow band FM transmitter for the ultimate in privacy. Operates on 180 MHz and 
requires the use of a scanner receiver or our QRX180 kit (see catlogue). Size 20mm x 
67mm. 9V operation. 1000m range... 
QLX180 Crystal Cointrolled Telephone Transmitter 

As per QTX180 but connects to telephone line to monitor both sides of conversations. 
20mm x 67mm. 9V operation. 1000M гапде......................................................... 
QSX180 Line Powered Crystal Controlled Phone Transmitter 

As per QLX180 but draws power requirements from line. No batteries required. Size 
32mm x 37mm. Range 500т............ sse 
QRX180 Crystal Controlled FM Receiver 

For monitoring any of the 'Q' range transmitters. High sensitivity unit. АН RF section 
supplied as a pre-built and aligned module ready to connect on board so no difficulty 
setting up. Outpt to headphones. 60mm x 75mm. 9V operation ........................... 


A build-up service is available on all our kits if required. 


UK customers please send cheques, POs or registered cash. Please add 
£1.50 per order for P&P. Goods despatched ASAP allowing for cheque 
Clearance. Overseas customers send sterling bank draft and add £5.00 per 
order for shipment. Credit card orders welcomed on 0827 714476. 


OUR LATEST CATALOGUE CONTAINING MANY MORE NEW 
SURVEILLANCE KITS NOW AVAILABLE. SEND TWO FIRST 
CLASS STAMPS OR OVERSEAS SEND TWO IRCS. 
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Tel: 0827 71447 
Fax: 0827 714476 





ELEKTOR ELECTRONICS is available from, among others: 


CRICKLEWOOD 
ELECTRONICS LIMITED 
40 Cricklewood Broadway, 

London NW2 3ET 
Telephone 081 450 0995 

Fax 081 208 1441 





THE ELECTRONIC SHOP 
Electronic components, test 
equipment, telephone 
accessories, computer 
accessories, microphones, 
disco lighting, speakers, turn 
tables, mixers, meters, stylus. 
29 Hanging Ditch, 
Manchester M4 3ES, 
Telephone 061 834 1185 





GREENWELD 
27 Park Road 
Southampton 501 318 
England 
Telephone (0703) 236 363 
Fax (0703) 236 307 





Advertising Standards Authority 


Badger Boards 

Baylin Publications 

B K Electronics 
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Canal Bridge Audio 
Cirkit Distribution 
Comdis Nederland 
Cricklewood Electronics 
Display Electronics 


L.F. HANNEY 
Your electronic component 
specialist for Avon, Wilts & 
Somerset. 


77 Lower Bristol Road, Bath, 


Avon, Telephone 0225 
424811 





D.P. HOBBS (NORWICH) 
LTD 

Electronic component 

specialists. Amateur radio 
equipment. 
13 St. Benedict Street, 
Norwich NR2 4PE, 

Telephone 0603 615786 





MANCOMP 
240 Platt Lane 
Manchester M14 7BS 
England 
Telephone 061 224 1888 





OMNI ELECTRONICS 
Stock a wide range of 
electronic components. 
174 Dalkeith Road, 
Edinburgh EH16 5DX, 
Telephone 031 667 2611 


AAGE NIELSEN 
1 Sortedam Dosseringen 
DK-2200 Copenhagen, 
Denmark, 
Telephone 01 39 30 10 
Fax 031 39 05 02 





HELMHOLT ELEKTRONIK 
Farvevej 2 
DK-7600 Struer, Denmark 
Telephone 97 85 26 11 





RCE ELECTRONIC 
CENTRE 
Boulevarden 34 
DK-9000 Aalborg, Denmark 
Telephone 98 16 07 10 





VEJLE RC ELEKTRONIK 
Sdr Brogade 42 
P O Box 332 
DK-7100 Vejle, Denmark 
Telephone 75 83 25 33 





BEBEK ELECTRONICS 
Hirsimetsántie 26 
SF-15200 Lahti 11 

Finland 

Telephone (18) 33 99 46 
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Your design ideas are quickly 
captured using the ULTlcap 
schematic design Tool. ULTIcap 
uses REAL-TIME checks to prevent 
logic errors, Schematic editing is 
painless; simply click your start and 
end points and ULTIcap 
automatically wires them for you 
ULTIcap's auto snap to pin and auto 
junction features ensure your netlist 
is complete, thereby relieving you of 
tedious netlist checking 








LTIshell, the integrated user 
interface, makes sure all your design 
information is transferred correctly 
from ULTleap to ULTIboard, Good 
manual placement tools are vital to 
the progress of your design, 
erefore ULTIboard gives you а 
powerful suite of REAL-TIME 
functions such as, FORCE VECTORS, 
RATS NEST RECONNECT and 
DENSITY HISTOGRAMS. Pin and 
gate swapping allows you to further 
optimise your layout 








Now you can quickly route your 
critical tracks, ULTIboard's 
REAL-TIME DESIGN RULE CHECK 
will not allow you to make illegal 
connections or violate your design 
rules. ULTIboard's powerful TRACE 
SHOVE, and 
REROUTE-WHILE-MOVE algorithms 
guarantee that any manual track 
editing is flawless. Blind and buried 
vias and surface mount designs are 
fully supported 





If you need partial ground planes, 
then with the Dos extended board 
systems you can automatically 
create copper polygons simply by 
drawing the outline. The polygon 15 
then filled with copper of the 
desired net, all correct pins are 
connected to the polygon with 
thermal relief connections and user 
defined gaps are respected around 
all other pads and tracks. 








== Che : $ Recession-proof price: 


excl. shipping/handling, 













ULTI board's autorouter allows you 


to control which parts of your board 


are autorouted, either selected 
nets, or a component, or a window 
of the board, or the whole board 
ULTlboard’s intelligent router uses 
copper sharing techniques to 
minimise route lengths, Automatic 
via minimisation reduces the 
number of vias to decrease 
production costs. The autorouter 
will handle up to 32 layers, as well 
15 single sided routing 


ULTIboard’s backannotation 
automatically updates your ULTIcap 
schematic with any pin and gate 
swaps or Component renumbering 
Finally, your design is post 
processed to generate pen / 
photo plots, dot matrix/laser or 
postscript prints and custom 
drill files. 


ULTlboard, опе of the leading PC based 
design systems, is suplied worldwide via a 
network of ULTImate Technology offices 
and distributors. ULTIboard's success in 
the professional design community is 
primarily due to its superior interactive 
functionality. 


Real Time Placement Aids, Real Time 
Design Rule Check, Trace Reroute While 
Move and Trace shove, are all features 
wich will dramatically reduce your design 
time. 


Intergration with ULTIcap guarantees 
smooth data flow between Schematic and 
PCB editing and the inclusion of third party 
netlist interfaces ensures ULT|board will fit 
into any design environment. 


Another of ULTImate Technology's 
strengths is our flexible growth path. 
Users may start with a low cost ULTIboard 
Challenger Lite and grow, step by step, to 
a 32-bit Advanced system with Ripup and 
Retry Autorouting and Digital Simulation. 


ULTImate Technonlogy also looks after 
existing users, providing they have valid 
mainenance subscriptions they will be 
upgraded to a new system based on their 
original investment. For instance, a 1987 
ULTlboard-DOSsystem has now been 
upgraded to a 32-bit 
Advaced system with 
Windows compliance and 2 
Autorouters. 


ULTImate Technology not 
only adds value to your 
investment іп a ULTIboard 
system but backs it up 
with the highest quality 
support from our 
distributors and offices. 


Corporate Headquarters: 
Energiestraat 36 • 1411 AT Naarden 
The Netherlands 

tel.: (+31) 2159 - 44444 

fax: (+31) 2159 - 43345 


UK/Ireland Sales-Office: 

2 Bacchus House • Calleva Park 
Aldermaston Berkshire е RG7 40W 
tel.: 0734 - 812030 * fax: 0734 - 815323 


"ე ტია 1» = PRODUCTIVITY 
The European quality лра 


* ULTIcap Schematics-& ULTIboard PCB-Design | 
+ DOS-Version with 500 Pin Design capacity a 
"100% Compatible with 32-bit Versions 


* 450 page manual PLUS full color tutorial 
* Technical Support, Updates possible 
* 'Growth path’ to 32-bit without loss of investment | 


VAT/ Sales tax £ 29 





Also available is a full function (as described above, with a 350 pin design capacity)Evaluation System for only £ 75 excl shipping/handling, VAT/Sales). 
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Level В: 
Аззигапсе 
12750 


В$ 5750 
Part 2 1987 
Quali 
RS 


Over 700 colour packed pages with hundreds 


of brand New Products at Super Low Prices, 





on sale now, only £2.95. 


